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CHAPTER I

PROBLEM DEFINITION

Introduction

The Air Force Business Research Management Center

at Wright-Patterson Air Force Base has determined that there

is a need to improve the management of the Air Force Aircraft

Modification System. It reports in its research topics

catalog:

Substantial acquisition funds are spent in modifying
existing systems rather than procuring new ones, but
little research has been carried out in providing solu-
tions to the many problems of modification programs . . .

Improving modification management will entail an
examination of organization, priority-ranking process,
funding, budgetary, programming linkage, and business
practices. The objective of this research will be to
provide some answers to the problems of modification
management [1:5].

A recent study of the Air Force aircraft modification

process directed this question to the management community,

"What is believed to be the most critical issue preventing

* more effective modification management today [1:3-151?"

The responses of 132 key managers actively involved in the

modification process were categorized as shown in Figure 1-1.

4 Forty-two percent believe the modification process is too

slow, cumbersome or complex. An additional six percent

believe effective management is hampered by a lack of

g understanding of the modification process itself.
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More specifically, some of the more typical comments

researchers (6:BI6-Bl7) received in response to their inter-

views and mailed questionnaires were:

1. There are multiple, overlapping and poorly

defined layers of responsibility. There is no clear and

simple description of process and various responsibilities.

2. There are too many funding delays and approval

levels. The budget process is overcomplicated.

3. Complex funding is controlled by different

agencies, requiring different inputs for approval--some one-

year money, some three-year money.

4. Complex modifications become obsolete by the time

they are fielded.

5. Milestones and cost estimates are required to be

too precise. If even a slight error or change occurs on CCB

*forms, coordination must be accomplished again, when, in fact,

the figures and dates may be only rough estimates.

6. There are delays in engineering evaluations and

CCB approvals.

7. There are overcautious decision-makers who check

and recheck.

8. There is a serious lack of understanding of formal

guidance and the modification process--need a training program

across all organizations involved in the modification process.

Those familiar with the aircraft modification process

must surely agree with the ARINC report when it concludes

3



that the present USAF modification process is not very

efficient, and contains some fundamental problems in the policy

decisional/structural area (6:3-19).

Problem Statement

It is the goal of the Air Force modification program

to correct deficiencies or improve capabilities of existing

systems. If current technology is to be translated through

aircraft modificatioi into deployed military capability in a

more timely manner, then it is crucial that the efficiency and

effectiveness of the Air Force modification management process

be studied and possible improvements recommended.

Problem Analysis

In a complex and everchanging a4rcraft modification

organization, what tools will key modification managers use

to aid them in the analysis of, and the decisions between,

various alternative solutions to problems involving organiza-

tional policy and structure?

A manager's decision is generally based upon a combina-

tion of factors such as knowledge, experience and, once in a

while, even their own intuition. Some theorize the manager

as basing his decisions upon a mental image of the system

structure and its processes (24:285). Whatever his method,

the dynamic and complex nature of the modification process

makes it extremely difficult for a manager to plan, predict

and evaluate the impact of his decisions.
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Before a manager can make appropriate decisions, he

must first have some understanding of organizational struc-

ture and operation. This understanding may be accomplished

in several ways. For example, schematic diagrams, such as

the organizational chart, may aid in understanding the lines

of communication or authority in an organization, while flow

charts and graphs and various types of models can be utilized

to help understand an organization's operation. Today, through

the use of computers, managers have a tool by which they can

simulate the workings of an organization, and evaluate the

impact of a decision or new policy without actually having to

implement it.

Research Question

How can a modification process model be designed to

capture and analyze the many varied and complex policies of

the modification system?

Research Objectives

The general objectives of this research are to develop

a conceptual understanding of the complex, dynamic nature of

the modification process and, subsequently, develop a comput-

erized policy model which reflects the structure of this

*process.

Specific objectives of this research include:

1. Identify the structure of the modification

process.

5



2. Isolate the interactions and influence of the

components and variables within the system.

3. Describe the decision structure that determines

the information, funding, and material flows within the system.

4. Construct a mathematical model which represents

the components, relationships, information flows, and deci-

sional policies of the system.

5. Develop a computerized model which can be used for

policy analysis and development.

6. Verify and validate that the model represents

the structure and decision-making process within the modifica-

tion process.

7. Identify areas of sensitivity or critical issues

in modification policy.

8. Suggest changes, if required, in the management

structure of the modification process.

Background and Purpose of the Thesis

Throughout the military superiority duel between the

Soviet Union and the United States, it has been U.S. strategy

to offset Soviet advantage in numbers "... by applying tech-

nology to equip our forces with weapons that out-perform their

Soviet counterparts [22:1-7]." However, how long can this

strategy remain effective against an adversary that is out-

spending us by a 2:1 margin in the area of research, develop-

ment, test and evaluation (RDT&E) as depicted in Figure 1-2

(22:107).

6
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It is the consensus of the Department of Defense

(DOD), the Central Intelligence Agency (CIA), Defense

Intelligence Agency (DIA), and the National Security Agency

(NSA), as shown in Figure 1-3, that the system technology

level has already shifted significantly to favor the USSR in

eighteen of thirty deployed military systems. When looking at

the future, it is the feeling of the Joint Chiefs of Staff

that:

The growth in tangible Soviet military strength is
even greater than the difference in U.S. and Soviet
defense spending suggests, for the USSR devotes a
larger portion of its large defense effort to invest-
ment in research; development; test and evaluation;
procurement; and military construction--all of which
contribute to increase future military capabilities(15:8].

If we are to counter the continued Soviet build-up with

our strategy of superior technology, then we must have real

financial growth in defense investment, real cooperation

between ourselves and our allies, and an improvement in pro-

ductivity from our industrial base (22:1-8). President Carter

began, and President Reagan has continued, financial support

to the defense invastry. A program to establish a more

effective military alliance with our allies through co-produc-

tion of military hardware has been undertaken, and action

has been initiated to increase the productivity of our

industrial base.

One of the more important actions taken to raise the

productivity of our industrial base, is to increase the

8



U.S. U.S.-USSR USSR
DEPLOYED SYSTEM SUPERIOR EQUAL SUPERIOR

Strategic
ICBM X
SSBN/SLBM X_ "

Bomber X

SAMs X
Ballistic Missile Defense X
Anti-satellite X

Tactical

Land Forces
SAMs (including Naval) x

Tanks _x
Artillery X
Infantry Combat Vehicks x
Anti-tank Guided Missiles X
Attack Helicopters X -
Chemical Warfare x
Theater Ballistic Missiles X

Air Forces
Fighter/Attack Aircraft X -

Air-to-Air Missiles X
PGM X
Ai Lift X

Naval Forces
SSNs x

Anti-Submarine Warfare X -

Sea-based Air X -

Surface Combatants x
Cruise Missile X

Mine Warfare x
* Amphibious Assault X
C

3
1

Communications X
Command and Control X

Electronic Countermeasure X

Surveillance and Reconnaissance X
.

Early Warning X_

'These are comparisons of system technololgy level only, and are not necessarily a measure of effectiveness.
The comparisons are not dependent on scenario. tactics, quantity, training or other operational factors.
Systems farther than I year from IOC are not considered.

-The arrows denote that the relative technology level is changing significantly in the direction indicated.I
1 1-1is-so0-1,

Fig 1-3. Relative U.S./USSR Technology Level in
Deployed Military Systems

I
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efficiency and effectiveness of our management and decision-

making capability. In large, complex organizations such as

the United States Air Force, efficient and effective manage-

ment decisions are more likely to emanate from managers who

understand the operation of their own organizations as well

as their organization's interaction with and impact on

surrounding organizations. A manager who has such a perspective

is said to be taking a "systems view" of his operation

(24:5-35).

Several approaches to systems thinking may be taken:

cybernetics, operations research and system dynamics to name

just a few. In 1961, Jay W. Forrester developed a method of

systems analysis for managers called "Industrial Dynamics."

He stated that it was a ". . . quantitative and experimental

approach for relating organizational structure and corporate

policy to industrial growth and stability (10:13]." Since

then, the name has given way to "system dynamics," and the

method, modified and improved upon, can be used in conjunction

with several quantitative computer languages, for modeling

and studying the behavior of large, complex systems (18:150).

This research will combine the system dynamics

approach and the computer simulation language of DYNAMO to

build a model of the aircraft modification process. The

objective is for this model to be viewed as a tool, the use

of which, will provide the modification manager a means to

better understand and analyze the process with which he is

10



involved. A more detailed description of the actual research

methodology will be given in Chapter III.

Summary

It will be the purpose of this thesis, using the

system dynamics approach, to develop a model of the Air Force's

aircraft modification process, in the hope that this model

will enable managers within the process to gain a systems per-

spective of their operation. Further, once this perspective

has been attained, to then utilize the model in identifying

governing policies, perhaps the changing of which may lead

to improved performance of the real modification system.

Plan of Thesis Presentation

Chapter I has defined the problem and establishef the

purpose of this thesis. Chapter II will present a literature

review of models, simulation and the modification management

process. Chapter III discusses research methodology. Chapter

IV will discuss the formulation of the model, while Chapter V

presents the thesis summary, conclusion and recommendation

for further study.

P
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CHAPTER II

MODELS, SIMULATION AND THE MODIFICATION

MANAGEMENT PROCESS

Introduction

To achieve the research objectives of this study,

it will be necessary to understand both the aircraft modifica-

tion management process itself, and the tools and methodology

used to analyze it. Chapter III will present the methodology

to be used, while topics discussed in this chapter include:

policy rules and decision-making in a large organization;

modeling and the simulation process; modification management

policies and procedures; and, finally, the magnitude of the

Class IV and V modification process in terms of man-hours and

dollars.

Policy Rules and Decision-Making
in a Large Organization

Since one of the objectives of this study is to

present a policy model of the modification process, a logical

first step is to define the term policy as it is used in this

report. We will accept Webster's New Collegiate Dictionary's

definition of policy as "... a definite course or method of

action selected from among alternatives and in light of given

conditions to guide and determine present and future decisions

(29:882]."

12



Jay W. Forrester puts the terms policy, decision-

making and management into perspective when he says,

Management is the process of converting information
into action. The conversion process we call decision-
making. Decision-making is, in turn, controlled by
various explicit and implicit policies of behavior.
As used here, a 'policy' is a rule that states how the
day-by-day operating decisions are made. 'Decisions'
are the actions taken at any particular time and are
a result of applying the policy rules to the particular
conditions that prevail at the moment [10:93].

The success of a manager can often be traced to the

results of his decisions. Good decisions require optimal use

of available information. Generally, more information is

available than a manager can assimilate, and his decisions

become based upon information which he considers to be of

highest priority. Once he has decided the importance of the

information available, other decisions he must make are:

What is to be done with the information once it is received?

How are desired objectives created from the information

available? How quickly or slowly are these objectives converted

to actions (10:93)?

The dynamic behavior of a large complex system is

the result of the interaction between many variables within

the system. It has been pointed out by Forrester, however,

that ".. . men are not good calculators of the dynamic

behavior of complicated systems [10:99]." He goes on to state

The number of variables that they can in fact
properly relate to one another is very limited. The
intuitive judgment of even a skilled investigator is
quite unreliable in anticipating the dynamic behavior

13



of a simple information-feedback system of perhaps five
of six variables. This is true even when the complete
structure and all the parameters of the system are
fully known to him [10:99].

If it is difficult for a manager to anticipate the

behavior of a simple information-feedback system, what about

predicting the impact of various policy changes in a large,

complex, multi-informational feedback system such as the air-

craft modification process?

To aid the manager in his prediction of policy changes

in large complex organizations, the system dynamics approach

was developed. System dynamics models have been applied

successfully to diverse areas. Forrester listed several

applications of the concept to various real-world situations

such as corporate policy, social forces affecting drug addic-

tion, and growth and development of urban areas (12:13).

With the aid of a system dynamics policy model of the

aircraft modification process, the manager will be able to

analyze and evaluate the impact of policy decisions before

they are actually implemented. This may allow the manager

to eliminate enough decisional and structural problems, to

significantly improve the efficiency of the modification

process.

Modeling and the Simulation Process

A model is a ". . . representation of an object,

system or idea in some form other than that of the entity

itself [25:4]." A model's purpose is to help us explain,
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understand or improve the object or system being modeled, by

providing us with a systematic, explicit and efficient way

of logically focusing our knowledge, judgment and intuition

(25:4). A model's purpose might be broken down even further

into whether it is a descriptive model, used for explaining

and understanding, a prescriptive model, used for predicting

and duplicating behavior characteristics, or a combination of

both. A model, if it is to be useful as a tool and aid to

top managers in manipulating the policy and structure of an

organization, must generally be prescriptive in purpose.

Robert Shannon states

a prescriptive model useful in design is almost
always descriptive of the entity being modeled, but a
descriptive model is not necessarily useful for design
purposes. Perhaps this is one reason why economic
models (which have tended to be descriptive) have had
little impact upon manipulating economic systems and
little use as tools to aid top management, whereas
operations research models have had an acknowledged
significant impact in these areas [25:7]

Simulation may be defined as experimentation with a

model of a real system (25:10). Some important factors to

consider when simulating a system are: establish boundaries--

deciding what is and what is not a part of the system to be

studied; reduce the real system to a logical flow diagram or

static model--designing the model around the questions to be

answered rather than imitating the real system exactly; and

remembering that there are few vital parts and many trivial

parts and that significant events only occur when the vital

parts are affected (25:26).
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Direct experimentation on the real system, although

yielding the best and most accurate outputs or results, does

have several disadvantages. It could disrupt operations.

It may be very difficult to maintain the same operating condi-

tions for each replication or run of the experiment. In studying

the real system, it may be too time-consuming and costly to

obtain a large enough sample size to be statistically signifi-

cant. It may not be possible to explore many types of

alternatives in real-life experimentation. And, finally,

if people are an integral part of the system, the so-called

"Hawthorne effect" may affect the results--the fact that

people are being observed may modify their behavior (4:503-504).

Since direct experimentation may not always be

practical, simulation may not only be a useful alternative, p

but may be preferable to real-system experimentation in terms

of the information to be gained. For example, owing to our

ability to measure and control the real system's organizational p

structure and policies, through our model, we may learn more

about the system's internal interactions than we could through

the manipulation of the real-world system itself (25:7). w

J. L. McKenney states additional advantages of model-

ing in the following quotation:

(the manager) gained new insights into his
operation. He designed the model to test a variety of
alternatives so he could evaluate these new insights.
In essence, he was usinq the model to amplify his mani-
pulative skill by explicitly identifying all important
ramifications of a given change . . . he turned to the
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model as an evaluator of his new insights. It is con-
jectured the model design will never be stabilized,
but continue to develop in response to the manager's m
new understanding [19:43].

Simulation, then, allows the researcher to play with

a model of the system. It assists him in understanding and

gaining a feel for the problem and, thus, aids him in the

process of innovation (25:11-12). However, before simulation

can be used, a basic knowledge and understanding of the system's

policies and procedures must be acquired.

Aircraft Modification Management:
Policies and Procedures

Policies and procedures governing various aspects of

the modification process can be found in a number of Air

Force publications. A list of the primary publications found

beneficial in constructing a policy model of the Air Force

modification process can be found in Appendix D.

As stated in Chapter I, the purpose of the Air Force

modification program is to correct deficiencies or improve

capabilities in existing systems.

There are basically five categories of Air Force

modifications. Table 2 of Air Force Regulation 57-4, lists

and explains the five classes, and the approving authority

for each. Table 2 has been reproduced and can be found in

Appendix A. Class I modifications involve a temporary removal,

installation, or change to, equipment for a special mission or

purpose. Class II modifications are also temporary in nature,
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but are accomplished to support research and development,

design changes, and test evaluation programs. Class III

modifications are permanent changes made to correct deficiencies

found during production, Program Management Responsibility

Transfer (PMRT) from AFSC to AFLC has not occurred. Class

IV modifications are like Class III, in that they are per-

manent modifications performed to provide needed logistical

support, improve equipment reliability or maintainability, or

correct material deficiencies that endanger personnel and

equipment. However, unlike Class III, they are accomplished

on equipment and systems for which PMRT from AFSC to AFLC has

occurred. Class V modifications provide a new or improved

operational capability or remove an existing capability that

is no longer needed.

Normally it is the Air Force Logistics Command (AFLC),

through its five Air Logistics Centers (ALCs), that is

responsible for proposing, processing and approving Class IV

modifications for weapon systems that have become operational

and whose designs have stabilized. Air Logistics Centers have

4 original approval authority for Class IV programs costing up

to $500,000. Air Force Logistics Command approves programs

costing up to $10 million, while Headquarters Air Force

4 (HQ USAF) must approve Class IV mods if the total cost exceeds

$10 million for aircraft and missiles, or $2 million for

ground equipment. HQ USAF must also approve all Class V

* modifications (27:18).

18
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The Class IV and Class V modification process is out-

lined in Figure 2-1 and Figure 2-2, and a more detailed

explanation of the key steps of the process can be found in

Appendix B and Appendix C. Specific Air Force modification

programs are described in Time Compliance Technical Orders

(TCTOs). These orders identify the system to be modified, the

number of man-hours required, and the skills, material and

special tools needed to perform the modification. In addition,

they provide a timetable of the planned completion date for

installation of the kits (27:1).

Magnitude of the Modification Process-

Dollars and man-hours spent to correct deficiencies or

make improvements in existing Air Force equipment and non-

nuclear munitions are substantial. If one estimated the

number of ongoing Class IV and Class V modifications being

performed by the five ALCs around the country, one would tally

approximately 900 Class IV and 160 Class V modifications being

performed (13). Figure 2-3 and Figure 2-4 show nearly 27

million man-hours were spent on Class IV and Class V modifica- U

tion programs in calendar year 1981; and Figure 2-5 gives

some estimate of the dollar amounts spent for purchasing kit

hardware, engineering development and software data changes

for fiscal years 80-83. These dollar amounts do not include

modification installation costs (13). These figures are included

here to give the reader a feeling of the magnitude of man-hours

used and dollars spent on aircraft modifications.
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Summary

This chapter has presented a discussion of policy

rules and decision-making in a large organization, modeling

and the simulation process, and aircraft modification manage-

ment policies and procedures. These first two chapters have

established an understanding of the system and its related

problems. Chapter III will now describe the research

methodology employed in this study.

25

I



CHAPTER III

RESEARCH METHODOLOGY

Introduction

As previously stated in the problem analysis section

of Chapter I, the methodology used to accomplish our research

objectives will combine the system dynamics approach with

the computer simulation language of DYNAMO. It will be the

purpose of this chapter to present the system dynamics

approach to problem-solving. A quick overview of the DYNAMO

language will be presented during the discussion of the model

formulation stage.

The System Dynamics Approach

The system dynamics approach is best suited for solv-

ing problems that have at least the following two character-

istics; problems that are dynamic in nature, and involve the

notion of feedback (23:1-2). Dynamic problems involve

quantities which change over time. Some examples of dynamic

aircraft modification quantities are the number of modifica-

tion discrepancies generated each year, the amount of dollars

appropriated and obligated, and the number of modification

kits on order or ready to install. The system dynamics

approach also attempts to understand the behavior of the

feedback systems of problems. Feedback may be simply defined

as the transmission and return of information. It is
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generally accepted that organizations, economies and societies,

all containing humans, also contain feedback systems. The

Air Force modification system is no exception. The key to

understanding the modification system, will be the under-

standing of the behavior of the feedback systems within the

modification process. However, this will not be an easy

task, for as Richardson and Pugh point out,

the behavior of systems of interconnected
feedLack loops often confounds common intuition and
analysis, even though the dynamic implications of
isolated loops may be reasonably obvious. The
feedback structures of real problems are often so
complex that the behavior they generate over time
can usually be traced only by simulation [23:7].

A modeler using system dynamics methodology would

take the view that systems behave as they do for reasons

internal to each system, and that feedback structures

within the system are responsible for the changes experienced

over time (23:15). It follows, therefore, that any external

agents believed to have a significant influence or impact

upon the system must be considered when constructing a model

of the system.

The system dynamics methodology in approaching

problems, involves the following stages (23:16):

1. Understanding the system.

2. Problem definition.

3. System conceptualization

4. Model formulation

27
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5. Simulation.

6. Policy analysis.

7. Model use or implementation.

Our basic research strategy will be to follow these

stages of the system dynamics approach while accomplishing

our research objectives. The rest of this chapter will be

devoted to explaining in a little greater detail, the fore-

mentioned stages. It is important to keep in mind when pro-

gressing through these stages, that the stages themselves

overlap and that the process is an iterative one, as shown

in Figure 3-1. This approach begins with an understanding of

the system. This understanding is enhanced by the modeling

process which, in turn, further aids the modeling effort

(23:16).

System Understanding, Problem Identification
and System Conceptualization

The first three steps in the development of a policy

model of the aircraft modification process have been

accomplished and are presented in Chapters I and II of this

thesis. An initial understanding of the system's operation

was accomplished with an extensive review of the available

literature, and through interviews with various Air Force

* aircraft modification managers. From this starting point,

various problems in the system were identified and defined.

It is very important during the early stages of system

0 conceptualization that the modeler remembers to focus on the

28
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problem and not the system. This becomes crucial when

deciding which variables to include, and which variables not

to include, in the normal model's feedback structure.

Problem identification and definition are realized through

formulation of a problem statement and analysis and develop-

ment of the thesis research question. From the research

question, research objectives were established. The purpose

of the model then .becomes to act as a tool in aiding the

modeler to accomplish these research objectives.

While gaining an understanding of the systems' opera-

tion and identifying problems, systems conceptualization was

also taking place. That is, ideas concerning system goals

were formulated, system boundaries were established and

pertinent system variables identified. Through the use of

causal loops and flow diagrams, a formal aircraft modifica-

tion model began to take shape, and a feedback structure

developed.

Formal Model Formulation

The formal model formulation stage begins as causal

loops and flow diagrams are drawn establishing the systems

feedback structures and system boundaries. At this time,

the system is divided into sectors. System sectors provide

a framework for the grouping together of like processes and

resources. This approach not only aids the modeler by

helping him to focus in on appropriate feedback systems, but
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allows the modeler to run, trouble-shoot, and correct errors

in his model a sector at a time, which when compared to

attempting this on an entire model, saves considerable time.

Determining the appropriate sectors to be included in the

model requires considerable analysis, and the final decision

of what is or is not included, rests with the model builders.

For the aircraft modification process, there are four main

sectors, several of which are further broken down into sub-

sectors. The four main sectors are a need sector, a financial

sector, a requirements sector and a production sector.

4 Briefly, the need sector represents factors that interact to

create potential modification requirements. The requirements

sector represents the approval process for modifications,

while the financial sector ties the aircraft modification

process to the planning, programming and budgeting cycle.

The production sector represents the purchase and installa-

tion of modifications.

The model formulation stage also includes the trans-

lation of flow diagrams representing model structure into

equations. This requires the selection of an appropriate

computer simulation language to be used in conjunction with

the system dynamics approach. DYNAMO, the language selected

for this thesis, is a merger of the words "dynamic models."

This language was developed to be used in modeling systems

so that their dynamic behavior over time could be traced

(imitated, simulated) by a computer (23:67). Using the
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DYNAMO language, equations are written based on the previously

constructed flow diagrams. Figure 3-2 describes the principle

symbols used in flow diagrams. Readers who are not familiar

with the technique of flow diagramming or the writing of

DYNAMO equations from flow diagrams, may refer to Richardson

and Pugh's Introduction to System Dynamics Modeling with

DYNAMO, for a more detailed description. Once system struc-

ture has been translated into equations, the model testing

phase can begin.

Simulation, Policy Analysis

* and Policy Implementation

Prior to using a model for policy analysis or policy

implementation, several simulation runs should be made to

check the model for coding or formatting errors. A model

free of "fatal errors;' however, does not necessarily mean

that the model is validated and ready for policy testing. If

genuine confidence in the model is to be established, con-

ceptual errors involving system structure and operation,

must also be checked for and eliminated. It is at this point

that the modeler must come to terms with the concepts of

model verification and validation.

Verification i-, the process of insuring that a model

behaves in the manner in which it was intended to behave

(25:210). For example, the checking of equations to insure

their outputs are indeed close to what they are intended to be,

and not some unrealistic result.
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Flow Diagrams [11:7-3]
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Validation, on the other hand, is the process of

comparing the model's behavior with the real system's

behavior (25:210). One may view verification as being con-

cerned more with the correctness of a model's structure or

accuracy of model parameters, while validation focuses on

the realism of the model's output. Shannon states the

process of validation as ". . . bringing to an acceptable

level the user's confidence that any inference about a system

derived from the simulation is correct [8:29]."

J. W. Forrester equates the term validity with significance,

and believes that the

validity (or significance) of a model should
be judged by its suitability for a particular purpose.
A model is sound and defendable if it accomplishes
what is expected of it [10:115].

Despite extensive literature dealing with validation

procedures, the problem of actually validating a simulation

model is very difficult. One may ask, when is a model con-

sidered valid? Richardson and Pugh state their view by

quoting Greenberger, Crensen and Crissy. "No model has ever

been or ever will be thoroughly validated . . . 'useful,'

'illuminating,' or 'inspiring confidence' are more apt

descriptors applying to models than 'valid' (23:310]."

Richardson and Pugh (4:310) go on to state their definition

of validation as the formal processes that lead people to

place confidence in a model.
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The "formal processes" used to establish confidence

in this model, are taken from an article entitled, "Tests

for Building Confidence in System Dynamics Models." by

J. W. Forrester and Peter M. Senge (17:209-228). Forrester

and Senge believe there is

• . . no single test which seems to validate a
system dynamics model. Rather, confidence in a system
dynamics model accumulates gradually as the model
passes more tests and as new points of correspondence
between the model and empirical reality are identified
(17:209].

The series of tests this thesis team will follow will be the

core tests suggested by Forrester and Senge (32:227).

They are:

1. Tests of Model Structure

a. Structure Verification

b. Parameter Verification

c. Extreme Conditions

d. Boundary Adequacy

e. Dimensional Consistency

2. Tests of Model Behavior

a. Behavior Reproduction

b. Behavior Anomaly

c. Behavior Sensitivity

3. Tests of Policy Implications

a. Changed-Behavior Prediction

b. Policy Sensitivity
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Structure verification means comparing structure of

a model directly with structure of the real system that the

model represents. Parameter verification means comparing

model parameters to knowledge of the real system to determine

if parameters correspond conceptually and numerically to

real life. The extreme condition test is testing the model's

behavior under extreme combinations of levels in the system

being represented. The boundary adequacy test considers

structural relationships necessary to satisfy a model's pur-

pose. The dimensional consistency test entails dimensional

analysis of a model's rate equations.

The behavior reproduction test, is a test of model

behavior that examines how well model-generated behavior

matches observed behavior of the real system. The behavior

anomaly test is used to discover anomalous features of model

behavior which sharply conflict with behavior of the real

system. The behavior sensitivity test focuses on sensitivity

of model behavior to changes in parameter values.

The changed behavior prediction test asks if a model

* correctly predicts how behavior of the system will change if

a governing policy is changed. Policy sensitivity testing

can indicate the degree to which policy recommendations

* might be influenced by uncertainty in parameter values.

Passing the various validation tests listed above

should instill in the model builder and the model user, the

* confidence that their model does represent the real system
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closely enough to continue with the next stage of the system

dynamics approach, that of policy analysis and implementa-

tion.

Reaching this final stage of the system dynamics

approach to problem-solving has involved a lot of time and

effort on the modeler's part and one might believe the work

is now finished. Nothing could be further from the truth.

The purpose of developing the model was to use it as a tool

to aid the user in analyzing proposed policy changes and

forecasting the possible results of their implementation.

Until now, all the modeler's time has been spent on building

this tool. Only now is the tool ready for use. It is during

this stage of the system dynamics approach, that the genera-

tion of new insights will most likely occur. This hopefully

will cause the modeler and user to reconceptualize their

ideas about the system, reformulate the model, rerun the

simulation and gain even more profound insights into the

systems operation or the solution to a problem. This is in

keeping with the iterative process of the system dynamics

approach.

Occasionally the model will exhibit some behavior

that at first contradicts the modelers intuitions and later,

with the aid of the model, is seen as a clear implication of

the structure of the system. This has come to be known as

"counterintuitive belwivior" (23:318). It has been observed
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that complex feedback systems tend to exhibit counterintuitive

behavior (23:318). This may occur due to the fact that long-

term responses are characteristically the opposite of short-

term responses, and one's intuitions are often based on one

or the other perspective, seldom on both (23:318).

Summary

The system dynamics methodology provided the basic

research approach to develop a dynamic policy model of the

aircraft modification process. This chapter has outlined

the basic steps that were taken during the research process.

Although the steps infer a sequential approach, the nature

of the model building was iterative. Many of the steps were

retaken as new information became available to enrich the

model. In Chapter IV, the actual formulation of aircraft

modification model equations from the flow diagrams will be

discussed.
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CHAPTER IV

FORMULATION OF THE MODEL

Introduction

Chapters I through III have established the need

and the methodology for a dynamic policy model of the Air

Force Aircraft Modification System. Continuing to follow the

system dynamics approach as outlined in Chapter III, this

chapter will discuss the formulation of the aircraft modifica-

tion model. As stated in Chapter III, the model has been

divided into four main sectors for ease of conceptualization

and testing. They are:

1. Need sector

2. Requirement sector

3. Financial sector

4. Production sector

Briefly, the need sector represents factors that

interact to create potential modification requirements. The

requirements sector represents the approval process for

modifications, while the financial sector ties the aircraft

modification process to the planning, programming and budget-

ing cycle. Finally, this model's production sector will

represent the purchase and installation of modifications.
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To acquaint the reader with the interactions of the

entire system, a causal loop diagram presenting a general

overview of the aircraft modification model is shown in

Figure 4-1. The model's need sector is structured around the

generation of U.S. Air Force Class IV and Class V aircraft

and logistic deficiencies. Class IV deficiencies include

safety deficiencies (Class IV A), engineering deficiencies

(Class IV B), and logistic deficiencies (Class IV C).

Class V deficiencies are created by a lack of weapon system

capability. Several factors influencing the generation of

deficiencies include an enemy's weapon system capability,

U.S. weapon system capability, technology available, and the

age, reliability and maintainability of our own systems. As

enemy weapon system capability and technology availability

increase, the desired weapon system capability tends to

increase. However, as U.S. weapon system capability increases,

desire..d weapon system capability will appear to decreased.

An increase in desired weapon system capability causes

modification requirements to increase. Modification require-

ments will also increase as the number of safety deficiencies

and engineering deficiencies increase. Engineering deficiencies

increase as systems grow older, due to a decrease in reliability

and maintainability of the aircraft. Generated deficiencies

become modification requirements after passing through the

Air Force's modification approval process, represented in
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this model by the modification requirement sector. Once

approved, modifications compete with other programs for

funding. This will be represented by the financial sector

of the model, and includes such influencing factors as

Department of Defense's (DOD's) budget, political support

for DOD's budget and economic well-being of the nation.

As modification funding requirements increase, the DOD budget

will increase. The level of DOD appropriated dollars is

increased when there is political support, and when the

nation's economic condition is good. As the DOD appropriated

* dollars increase, the level of modification funding will also

increase.

Once a modification has been funded, modification

kits are procured and installed. This phase of the real

system is represented by the model's production sector. A

factor influencing modification production is production

capability. Production capability is influenced by such

factors as the level of production personnel and production

facilities.

Having examined the aircraft modification system's

overview, the formulation of individual sectors will now be

discussed in detail. Each sector will be developed in three

steps: first, a causal loop diagram is proposed; second,

the flow diagram is developed; and third, the DYNAMO equations

are written. A listing of all the causal loop diagrams, flow

diagrams and DYNAMO equations are attached in Appendix E.
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Need Sector

The need sector is divided into four subsectors.

They are safety deficiencies, engineering deficiencies,

logistics deficiencies and capability deficiencies. The

need sector describes the generation of deficiencies and the

factors that influence the rate of generation.

Class IV A Safety Deficiency Subsector

The Class IV A safety deficiency subsector describes

the generation of safety deficiency and the factors that

affect the rate of generation.

Discussion of the Causal Loop Diagram. The Class

IV A safety deficiencies need is a result of an aircraft

component's or system's failure to perform its intended func-

tion, and as a result of this failure, the safety of personnel

and equipment are in question. If modification is not per-

formed, the probability of injury to people and equipment

will be high. Therefore, the Class IV A safety deficiencies

constitute a major portion of funded modifications.

Figure 4-2 presents the causal loop diagram describing the

factors that generate Class IV A needs.

Safety deficiencies are reported by the operating

commands as they arise. The operating commands will initiate

paperwork for system managers' investigation of the

deficiencies. Safety deficiencies arise through normal use

of the aircraft. The number of deficiencies is amplified by
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the sortie type flown, the system aging factor and the

accident amplification factor. The number of safety defi-

ciencies increases as the sortie type amplification factor,

the system aging factor and/or the accident amplification

factor increases. As the number of safety deficiencies

increase, the level of modification requirements increase.

The modification requirements are then reduced by the produc-

tion or installation of modifications correcting the

deficiencies.

Discussion of the Flow Diagram and Dynamo Equations.

The flow diagram for this subsector can be seen in Figure

4-3. Table 4-1 lists the variables in this subsector. The

flow diagram was developed from the conceptual causal diagram.

Using the flow diagram as a guide, the DYNAMO equations were

developed in the following way:

The Class IV A deficiencies generation is a function

of the Weapon System Aging Factor (WSAP), the Sortie Type

Amplification Factor (STAF), the Aircraft and Personnel

Accident Amplification Factor (APAAF), and a normal defi-

ciencies generation rate (ANSD). The equations pertaining

to these functions are as follows:

4 L CL4A.K = CL4A.J+DT *(CL4AGR.JK - CL4ADR.JK)

R CL4AGR.KL = ANSD.K *WSAF.K*STAF.K*APAAF.K

R CL4ADR.KL = CL4A.K/.5
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TABLE 4-1

VARIABLES APPEARING IN FIGURE 4-3

Variable Definition

CL4A Class IV A Safety Deficiences
CL4AGR CL4A Growth Rate
CL4ADR CL4A Release Rate
ANSD Average No. of Safety Deficiencies per

Period
WSAF Weapon System Aging Factor
STAF Sortie Type Amplification Factor
APAAF Aircraft/Personnel Accident Amplification

Factor
NOA Number of Accidents
NOAC Constant for NOA
SLT System Life Time (Years Since Production)
ISLT Initial System Life Time
SORTYP Sortie Type
PSORTI Percent of VFR Flying Sorties
PSORT3 Percent of Normal Training Sorties
PSORT5 Percent of Redflag Sorties
PSORT7 Percent of War Employment Sorties
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The four factors that made up the CL4A growth rate

are developed in separate auxiliary equations.

A ANSD.K = ANSDI

C ANSDI = 2.5

This auxiliary equation describes the average number

of safety deficiencies per period. The number, ANSDI, was

computed by averaging the total number of new safety

deficiencies received by AFLC/LOAP (2,30). It is difficult

to predict when and how many deficiencies will arise.

Therefore, we chose to use an average number of deficiencies

and modify this number by other factors.

A WSAF.K = TABLE (WSAFT,SLT.K,0,20,2)
p

T WSAFT = 10/3/1.3/1.0/1.0/1.0/1.0/1.0/1.0/1.3/3.0/10.0

A SLT.K = TIME.K/12+ISLT

The weapon system aging factor (WSAF) is an amplifica-

tion factor that increases the number of safety deficiencies.

It takes its information from system life time (SLT). SLT

represents the average life time of major USAF operating

aircraft. The weapon system aging factor followed the generally

accepted "bath-tub" curve as seen in Figure 4-4. The

WSAFT table was adequately validated by comparing generated

F-4 safety deficiencies and generated A-10 safety deficiencies.

F-4s are more into their normal operating life, while A-10s

have just been put into service within the last two years.
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The number of "'eficiencies reported by the field for A-10s

were quite an order of magnitude larger as compared to the

F-4s. The SLT is determined simply by the weapon system's

average time since production plus the model simulation time

in years.

A STAF.K = TABLE(STAFT,SORTYP.K,1,7,2)

T STAFT = 1.0/1.03/1.06/1.09

A SORTYP.K = PSORTI*l+PSORT3*3+PSORT5*5+PSORT7*7

C PSORTI = .40

C PSORT3 = .50

C PSORT5 = .10

C PSORT7 = 0

The sortie type amplification factor (STAF) is a table

function taking its information from the sortie type flown.

The sortie type flow is the weighted sum of the four
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different types of sorties: visual flight rule (VFR),

normal training, Red Flag (simulates combat) and war employ-

ment. The weight given to each of these types is based on

the percentage of the type of sortie flown by the weapon

system. These percentages can be changed as demand for

particular sortie types arise. They are entered here as

constants which managers can alter to match the sortie type

demand.

A APAAF.K = TABLE (APAAFT,NOA.K,0,5,1)

T AFAAFT = 1.0/1.0/1.04/1.05/1.05/1.05

A NOA.K = NOAC

The aircraft and personnel amplification factor is

hypothesized, based on the number of accidents which occur.

The more accidents that occur, the more are perceived

deficiencies reported by the field.

The last equation for this subsector is the Class

IV A deficiencies reporting rate

R CL4A.DR.KL = CL4A.K/.5

As deficiencies are discovered, they are reported

to the respective aircraft system manager for review, and

enter the modification approval process. The reporting time

entered here is .5 period or two weeks.

5
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Class IV B Engineering Deficiencies Subsector

The Class IV B engineering deficiencies subsector

describes the generation of engineering deficiencies and the

factors that affect the rate of generation.

Discussion of the Causal Loop Diagram. The causal

loop for this subsector is presented in Figure 4-5. Class

IV B engineering deficiencies are related to maintainability

and reliability. These types of modifications are required

to restore the aircraft's intended or designed operating

capability. The number of engineering deficiencies increase

as the reliability discrepancy increases and as maintain-

ability decreases. Reliability discrepancy is a function of

the perceived reliability and the desired reliability.

Perceived reliability is the level of reliability as perceived

by the field. Maintainability is a function of the equipment

support, maintenance skill level and weapon system complexity.

Engineering deficiencies are reported to the system

manager in the same manner as the safety deficiencies. As

these engineering deficiencies are reviewed and approved,

they become modification requirements eligible to compete

for modification funding.

Discussion of the Flow Diagram and Equations. The

flow diagram is presented in Figure 4-6. Table 4-2 lists

the variables in this subsector. The equations developed

from the flow diagram are as follows:
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TABLE 4-2

VARIABLES APPEARING IN FIGURE 4-6

Variable Definition

CL4B Class IV B Engineering Deficiencies
CL4BGR CL4B Growth Rate
CL4BDR CL4B Deficiencies Release Rate
RELF Reliability Factor
MAINF Maintainability Factor
STAF Sortie Type Amplification Factor
RELDF Reliability Discrepancy
REL Reliability Level
DREL Desired Reliability Level
SCM System Complexity Modifier
DRELC Desired Reliability Constant
ESF Equipment Support Factor
MSLF Maintenance Skill Level Factor
ESL Equipment Support Level
DESL Desired Equipment Support Level
ESLD Equipment Support Discrepancy
MSLFC Maintenance Skill Level Constant
SC System Complexity
WCSL Weapon System Capability Level
SLT System Life Time
RELAF Reliability Aging Factor
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L CL4B.K = CL4B.J+DT* (CL4BGR.JK-CL4BDR.JK)

R CL4BGR.KL = (RELF.K+MAINF.K) * STAF.K

R CL4BDR.KL = CL4B.K/.5

The level of engineering deficiencies are increased

by generation of reliability-related deficiencies, plus

maintainability-related deficiencies and are further

amplified by the type of sortie flown, as we can see from

the above equations. To determine the growth rate of these

types of deficiencies is difficult, so DYNAMO table functions

are used to capture relative relationships.

A RELF.K = TABLE(RELFT,RELDF,K,0,1,.2)

T RELFT = 20/12/12/10/8/6

A RELDF.K = REL.K/DREL.K SCM.K

A REL.K = (.8+.l*SIN(6.283 TIME.K/12)) RELAF.K

A DREL.K = DRELC

A SCM.K = TABLE(SCMT,SC.K,1,I0,I)

T SCMT = 1.0/1.0/1.0/1.0/1.0/.99/.98/.97/.96/95

A SC.K = TABLE(SCT,WSCL.K,1,10,1)

T SCT = 5/5/5/5/5/5.6/7.5/8.9/9.9/10.0

A RELAF.K = TABLE(RELAF,SLT.K,0,20,2)

T RELAFT = .01/.5/.75/1.0/1.0/1.0/1.0/1.0/.8/.6/.4

Reliability of aircraft subsystems, such as avionics,

engine or structure, are measured in mean time between

failures (MTBF). When the MTBF falls to an unacceptable
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level, modification to the subsystem, either through replace-

ment of the total subsystem or redesign of the failure por-

tion, will be required to keep the aircraft flying at its

intended capacity. The reliability measurement here is a

relative measure of the total aircraft system reliability.

Reliability is affected by an aging factor (RELAF).

This again is to capture the bath-tub curve concept. The

system is usually less reliable during its earlier years of

operation, due to design deficiencies. As these deficiencies

are discovered and corrected, the system will be operating

at its designed level of reliability throughout most of its

life time. Toward the last years of the system life, the

reliability level will drop due to wearing out and breakage

of components. This is the reason why the factor of RELAF is

included.

REL is generated by a sine function which varies

from .7 to .9. The REL is then divided by the desired level

of reliability (DREL), entered here as 1.0, and modified by

multiplying by the system complexity modifier. The resulting

reliability discrepancy contributes to the generation of

Class IV B deficiencies. The system complexity modifier is

included here to capture the hypothesis that as the system

becomes more complex in design, the reliability of the system

will decrease. 7
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A MAINF.K = TABLE(MAINFT,SCM.K*ESP.K*MSLF.K,0,1,.2)

T MAINFT = 20/15/12/10/8/6

A ESF.K = TABLE(ESFT,ESLD.K,0,1,.2)

T ESFT = .70/.85/.90/.93/.997/.99

A ESLD.K = ESL.K/DESL.K

A ESL.K = .8+.1 SIN (6.283*TIME.K/12)

A DESL.K = DESLC

C DSLC = 1.0

A MSLF.K = MSLFC

C MSLFC = .95

Maintainability of an aircraft subsystem can be

measured in several ways such as mean-time-to-repair,

maintenance man-hour per flying hour, or mean down time

(AFR 80-5, AFR 80-14). The maintainability factor (MAINF)

used here captures the idea of the relative ease of restor-

ing the aircraft to its operating condition. The factors

involved in determining MAINF are the system complexity

modifier (SCM), the equipment support factor (ESF), and the

maintenance skill level (MSLF).

SCM is included here because as the system becomes

more complex, the relative ease in maintaining the aircraft

will decrease and, thus, increase the Class IV B deficiencies.

Equipment support level is the second contributing

factor to determine the deficiency generation. When the

field is limited by test and support equipment, aircraft

down time for maintenance will be longer than desired. If
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not corrected, either by increasing the equipment support

level or modifying the system to require less maintenance,

there will be an increase in Class IV B deficiencies.

The third contributing factor is the maintenance

skill level factor. It is a measure of the effectiveness

or productivity of the maintenance personnel. It is included

because if affects directly the readiness and the down time

of aircraft. Maintenance skill level can be increased by

emphasizing training. It is entered here as a constant for

experimenting purposes.

Class IV C Logistic Deficiencies Subsector

The Class IV C logistic deficiencies subsector

describes the generation of logistic deficiencies and the

factors that affect the rate of generation.

Discussion of the Causal Loop Diagram. The causal loop

diagram of this subsector is presented in Figure 4-7. The

logistics deficiencies are results of the inability to support

the aircraft weapon system logistically. Typical logistic

deficiencies involve systems having high logistic support

costs, standardization of aircraft weapon subsystems, and

so forth. Interviews with modification managers reveal

little about how logistics deficiencies were generated

except that older aircraft usually have more logistics

deficiencies. As the system gets more complex, there is

also a tendency that more logistic deficiencies will occur.

58



SYSTEM SYSTEM
AGING r

COMPLEXITY FACTOR

+ +-

LOGISTICS
DEFICIENCIES (CLASS IV C)

MODIFICATION
REQUIREMENT

MODIFICATION)
PRODUCTION

Fig. 4-7. Logistics Deficiency Causal Loop Diagram

59

L, •



*i

As more logistic deficiencies occur, modifica ,*n require-

ments will increase. Modification requirements are, in turn,

reduced through modification production. The causal loop

diagram depicts the conceptual relationship.

Discussion of the Flow Diagram and Equations. The

flow diagram is contained in Figure 4-8. Table 4-3 lists

the variables in this subsector. The equations for the flow

diagram are presented below:

L CL4C.K = CL4C.J+DT- (CL4CGR.JK - CL4CDR.JK)

R CL4CGR.KL = LSRF.K

R CL4CDR.KL = CL4C.K/.5

The level of Class IV C logistic deficiencies (CL4C)

increases as the logistic support requirement factor (LSRF)

increases. The CL4C is decreased by the reporting of the

deficiencies to the responsible system manager for review

and approval. Once they are approved, they will be included

for modification funding competition. This class of

deficiency receives the lowest priority in obtaining modifica-

tion funding.

A LSRF.K = TABLE(LSRFT,SLF.K*SCM.K,0,1,.2)

T LSRFT = 4.0/3.5/3.0/2.5/2.0/1.5

A SLF.K = TABLE (SLFT,SLT.K,0,20,2)

T SLFT = .01/.40/.60/1.0/1.0/1.0/1.0/1.0/1.0/.75/.5
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TABLE 4-3

VARIABLES APPEARING IN FIGURE 4-8

Variable Definition

CL4C Class IV C Logistics Deficiencies
CL4CGR CL4C Growth Rate
CL4CDR CL4C Release Rate
CL4CC Initial Value for CL4C
LSRF Logistics Support Requirements Factor
SLF System Life Factor
SLT System Life Time
SCM System Complexity Modifier
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The logistic support requirement factor is determined

by the product of system life factor (SLF) and system com-

plexity modifier (SCM). The system life factor is a measure

of the contribution to the generation of Class IV C logistic

deficiencies. This factor is derived from the number of

years since the aircraft began operational service. The

system complexity modifier is determined by the system com-

plexity and is used to modify the system life factor. This

is to establish the relationship that as the system becomes

more complex, more Class IV C deficiencies are generated.

The LSRFT table value was established by analyzing the

priority list of modification requirements.

Class V Capability Deficiencies Subsector

The Class V capability deficienciea subsector

describes the generation of capability deficiencies and the

factors that affect the rate of generation.

Discussion of the Causal Loop Diagram. While Class

IV modifications are restoring efforts, Class V modifications

are improving or adding on new weapon system capabilities.

Class V modification generations are a result of mission area

analysis, which compares the U.S. weapon system capability level

and the enemy's weapon system capability level. This discrepancy

in capability will result, after months or sometimes years of

requirements determination, in Class V modifications. The
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conceptual structure of this subsector is presented in

Figure 4-9. However, during our research, we found that a

majority of the Class V deficiencies were generated as a

result of the technology that is available, rather than

through mission area analysis (6:B-6). Therefore, included

in the model is a technology availability factor to capture

the actual driving force for Class V deficiencies.

Discussion of the Flow Diagrams and Equations. The

flow diagram of this subsector is presented in Figure 4-10.

Table 4-4 list the variables in this subsector. The DYNAMO

equations are as follows:

L CL5.K = CL5.J+DT*(CL5GR.JK- CL5DR.JK)

R CL5GR.KL = (CL5RQ.K+TECHAV.K/ADFAC.K)

R CL5DR.KL = CL5.K/.5

The level of Class V capability deficiencies (CL5)

is increased by two auxiliary factors, the Class V deficiencies

requirement factor (CL5RQ) and the technology available

factor (TECHAV). Class V deficiencies are decreased when
S

they are released to HQ USAF far review, approval and develop-

ment.

R CL5GR.KL = (CL5RQ.K+TECHAV.K/ADFAC.K)

A CL5RQ.K = TABLE(CL5RQT,WSCD.K,0,10,2)

T CL5RQT = 0/1.0/1.5/2.0/2.5/3.0

A WSCD.K = MAX(DWSC.K - WSCL.K,0)
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TABLE 4-4

VARIABLES APPEARING IN FIGURE 4-10

Variable Definition

CL5 Class V Capability Deficiencies
CL5GR CL5 Growth Rate
CL5DR CL5 Release Rate
CL5C Initial Value for CL5
CL5RQ Class V Requirements
WSCD Weapon System Capability Discrepancy
DWSC Desired Weapon System Capability
WSCL Weapon System Capability Level
WSCGR Weapon System Capability Growth Rate
WSCDR Weapon System Capability Decrease Rate
EWSCL Enemy Weapon System Capability Level
CAF Capability Advantage Factor
TAF Technology Availability Factor
ADFAC Adjustment Factor
TECHAV Technology Available
TGR Technology Growth Rate
TDR Technology Decay Rate
TDF Technology Discovery Fraction
STDF Smoothed Technology Discovery Fraction
TDFD Technology Discovery Delay
SFT Search for Technology
TSP Total Search Pressure
TP Technology Pressure
DPT DOD Pressure for Technology
DPTD DOD Perceived Technology Difference
AMPF Amplification Factor
MODCOM Modification Completed
CL5MF Fraction of Production that are CL5
TECFAC Technology Factor
TLF Technology Loss Fraction
TLFC Technology Loss Fraction Constant
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The Class V requirement factor (CL5RQ) is determined

by the weapon system capability discrepancy. The table values

are derived from the yearly Class V modification requirements

submitted for funding. The discrepancy level is the

difference between the U.S. perceived weapon system capability

level and the enemy weapon system capability level. Depending

upon this level of discrepancy, the number of Class V

deficiencies per period can be approximated by the table

function CL5RQT.

L WSCL.K = WSCL.J+DT*(WSCGR.JK - WSCDR.JK)

N WSCL = WSCLC

C WSCLC = 5

R WSCGR.KL = MODCOM.K(1)/FMOD.K/12.0*CL5MF.K

A CL5MF.K = CL5MFC

C CL5MPC = .30

R WSCDR.KL = TECFAC.K*WSCL.K S

A TECFAC.K = TP

C TF = .01

The above equations describe the weapon system

capability level of USAF aircraft. Capability will increase

only by those Class V modifications that are completed

(MODCOM). The weapon system capability growth rate (WSCGR) is

determined by dividing the number of modification completed

(MODCOM) by the number of modification funded (FMOD). This
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factor is then multiplied by the fraction of modifications

that are Class V (CL5MF). The capability level is reduced

by obsolescence and the technology that is available but not

incorporated in the existing weapon system. The obsolescence

and technology factor is represented by TECFAC, and is set

to one percent of the current capability level per period.

This essentially says that in about twenty years, the existing

capability, without any modifications accomplished on the

weapon system, will decrease to about ten percent of the

current level. This hypothesis is reasonable considering

4 the fairly rapid turnover of technology.

A DWSC.K = EWSCL.K*CAF.K*TAF.K

A EWSCL.K = IEWSCL+RAMP (.02,48)

C IEWSCL = 6

A CAF.K = 1.30

A TAF.K = MIN(1,TECHAV.K/ADFAC.K)

A ADFAC.K = 50.0

Desired weapon system capability (DWSC) is calculated

by multiplying the enemy weapon system capability (EWSCL) by

a capability advantage factor (20:115) and a technology

availability factor (TAF). EWSCL is entered here as a ramp

function, at some initial level. For the purpose of this

model, EWSCL was not extensively developed and was treated as

an exogenous force. Capability advantage factor (CAF) is an

amplification factor that represents an approximate thirty
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percent desired weapon system capability advantage over the

enemy. This is a fraction of capability over and above what

we perceived as the current enemy capability level. TAF is

a multiplier used to reduce the desired capability level

when the technology is not available to achieve that level

of advantage. Maximum value for TAF is one, which means we

have the technology available to have a thirty percent

advantage.

L TECHAV.K = TECHAV.J+DT *(TGR.JK-TDR.JK)

N TECHAV = TECHC

C TECHC = 100

R TDR.KL = TECHAV.K*TLF.K

A TLF.K = TLFC

C TLFC = .0167

R TGR.KL = TECHAV.K*STDF.K

A STDF.K = SMOOTH(TDF.K,TDFD)

C TDFD = 6.0

A TDF.K = TABHL (TDFT,SFT.K,0,1,.2)/12.0

T TDFT = .01/.03/.07/.l/.12/.13

A SFT.K = TABHL (SFTT,TSP.K,0,2,0,.4)

T SFTT = .1/.15/.32/.52/.8/1.0

A TSP.K = TP.K+DFT.K

A TP.K = TABHL(TPT,TECHAV.K,0,100,20)

T TPT = 1/l/.8/.5/.27/.1

A DPT.K = TABHL(DPTT,DPTD.K,-5.0,5.0,2.0)
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T DPTT = .ii.15/.2/.51.7/.9

A DPTD.K = WSCD.K*AMPF.K

A AMPF.K = AMPFC

C AMPFC = 1.10

As mentioned earlier, the avilability of technology

drives the generation of Class V deficiencies. The above

equations calculated the level of technology available

(TECHAV) dynamically. The technology growth rate is a func-

tion of the current technology availability level and a

smoothed technology discovery fraction (STDF) with a smoothing

time (TDFD) of six periods or six months. This will dampen

any sudden technology break-through that may occur. The tech-

nology decay or loss rate here is given a loss fraction. We

assume a five-year turnover in technology and this loss per

period turns out to be about .0167.

The technology discovery fraction (TDF) is determined

by a table function, taking information from the level of

search for technology pressure (SFT). As the pressure for

technology goes up, the growth rdte generally will increase.

The SFT is a function of the total search pressure (TSP),

which is composed of technology pressure and the DOD pressure.

When the technology availability level is high, the pressure

for new technology is low, and when the technology availa-

bility level is low, research and development personnel will

initiate a search effort for new technology. DOD pressure
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arises when DOD perceives a discrepancy between its weapon

systems and those of the enemy. Pressure increases as the

discrepancy becomes positive and lowers when the discrepancy

is negative. The discrepancy is further amplified by an

amplification factor (AMPF), to represent an even greater

increased pressure when a discrepancy exists.

This completes a detailed explanation of the need

sector. Once discrepancies have been generated, they enter

the approval process. This approval process is represented

by the models requirement sector, and will be discussed next.

Requirement Sector

The requirement sector reflects the process of

determining yearly modification requirements that AFLC and

HQ USAF have to process for budget purposes. The require-

ment sector encompasses the process of reviewing submitted

deficiencies from operating commands, approving legitimate

deficiencies and submitting these approved deficiencies for

funding. The reviewing process starts with the receipt of

the perceived deficiencies as reported by the field. This is

usually in the form of a Material Deficiency Report (MDR),

an accident report or potential safety report. When reports

are received, the systems manager (SM) will establish a

material improvement project (MIP) by tasking the responsible

equipment specialist to investigate the reported deficiency.

System engineers usually will carry on the investigative
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effort to determine if the need to modify the subsystem is

valid. If it is valid, a feasibility study will be initiated

to determine solutions that will correct the deficiency.

This process may take about twelve months, depending on the

cost to correct the deficiency. It is submitted to either

the Air Logistics Center (ALC) Configuration Control Board

(CCB), the AFLC CCB or HQ USAF for approval, and inclusion

in the modification budget. Those deficiencies that are

not approved by the SM will be returned to operating command

with justification and explanation. The operating command

may resubmit for reconsideration or discard the proposal.

Discussion of the Causal Loop Diagram

The causal loop diagram for this sector is in Figure

4-11. As the four different types of deficiencies increase,

the level of modification requests in review increase. As

the level of modification requests in review increase, the

number of modifications approved increase. That, in turn,

increases the total modification requirements for that fiscal

year. Total modification requirements are the sum of new

modification requests generated throughout that year, ongoing

modifications that require further funding, and the modifica-

tions that are approved but were not funded the previous year.

Ongoing modifications that require funding are those

modifications that require multi-year kit purchasing and
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installation. Modifications approved but not funded,

represent those modifications that are resubmitted for

funding competition.

Discussion of the Flow Diagrams and Equations

The flow diagram for this sector is presented in

Figure 12 and the variables appearing in the sector are in

Table 4-5. Since reviewing and approval processes differ

between Class IV and Class V modifications, they are dis-

cussed separately.

The Class V modification requests, review and approval

authority is solely at HQ USAF level. Class V proposed

modifications are reviewed against feasibility, cost,

schedule, and the risk of the new technology. Modification

approval is based on these factors:

L CL5RIR.K = CL5RIR.J+DT*(CL5IR.JK-CL5AR.JK)

R CL51R.KL = CL5.K/.5

R CL5AR.KL = CL5RIR.K/REVT5.K

A REVT5.K = REVT5C

4 C REVT5C = 36.0

L CL5A.K = CL5A.J+DT*(CL5AR.JK - CL5AR.JK)

R CL5RR.KL = CL5A.K/.5

The process, from recognition of need, to final

approval of the proposed modification may take up to three

years. Length of the approval process is one area of major
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TABLE 4-5

VARIABLES APPEARING IN FIGURE 4-12

Variable Definition

NMRIR New Modification Request in Review
MAR New Moaification Approval Rate
MIR New Modification Request Input Rate
MDAR New Modification Request Disapproval Rate
REVT Modification Review Time
MAF Modification Approval Fraction
NMA New Modification Request Approved
MRR Modification Requirement Rate
TMR Total Modification Requirements
OMRR Ongoing Modification Requirement Rate
MRSR Modification Resubmission Rate
FMR Funded Modification Rate
MRRF Modification Requirement Reduction Factor
MHFAPR Modification Hardware Funding Appropriated

(BP-IIOC'
MHFRIB Modification Hardware Funding Requested in

Budget
DUMSH1 Dummy Shift Function
OGM Ongoing Modifications Require Funding
YOGM Yearly Ongoing Modifications Info
OMIR Ongoing Modifications Input Rate
YOMIR Yearly Ongoing Modifications Rate
OGMFD Ongoing Modification Funded
CL5IR Class V Modification Request in Review
CL5R Class V Modification Request Input Rate
CL5AR Class V Modification Request Approval Rate
CL5A Class V Modification Request Approved
CL5RR Class V Modification Requirement Rate
REVT5 Class V Modification Request Review Time
MDEV Modification Engineering Development

Completed
DUMSH2 Dummy Shift Function
NMFUN New Modifications Funded
NMFR New Modifications Funding Rate
NMFRR New Funded Modifications Reduction Rate
MDEV Modification Engineering Development

Completed
YOGM Yearly Ongoing Modifications
FMOD Funded Modifications
OGM Current Year Ongoing Modification
COMFR COGM Funded Rate
OMFR Ongoing Modification Funded Rate
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TABLE 4-5--Continued

Variable Definition

OMFRR Ongoing Modification Funded Reduction Rate
MODCOM Modification Completed
MDEV Modification Engineering Development

Completed
MDRR Modification Development Completion Rate
MDIR Modification Development Initiation Rate
DEVT Modification Development Time
IMID Modification Under Engineering Development
MDEVT Mean Development Time
STD Standard Deviation of MDEVT

criticism of the modification system (6:B-7). The major

problem is the transformation from need to requirement defini-

tion. To define what is actually required to meet the need

is quite a difficult task, and is the major reason it takes

as long as three years to get final approval and compete for

funding.

L NMRIR.K = NMRIR.J+DT*(MIR.JK-MAR.JK-MDAR.JK)

N NMRIR = NMRIRC

C NMRIRC = 10.0

* R MIR.KL = (CL4A.K CL4B.K CL4C.K)

R MAR.KL = NMRIR.K*MAF.K/REVT

C REVT = 12.0

* A MAF.K = MAFC

C MAFC = .80

R MDAR.KL = NMRIR.K (I-MA-F.K)/REVT)
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The Class IV modification request in review level is

increased when the system manager receives the deficiency

reports. The input rate is the sum of the three different

types of deficiencies reported by the field during each

period. These requests then undergo the investigative pro-

cess and finally get approved or disapproved. The approval

fraction (MAF) is about eighty percent. The rest will be

disqualified as invalid riodification requirements. The

reviewing time (REVT) is approximately twelve months

dc nding on the complexity of the modification.

S

L NMA.K = NMA.J DT*(MAR.JK-MRR.JK)

N NMA = NMAC

R MRR.KL= NMA.K

The level of new modifications approved (NMA) is

accumulated from all the approved modifications and decreased

M by the modification requirement rate (MRR). When a new

deficiency reaches this phase, it is ready to compete for

modification funds.

For YR = 1,3

L TMR.K(l) = TMR.J(1)+DT*(MRR.JK+CL5 RR.JK+OMRR.JK
+ MRSR.JK)

N TMR (YR) = TMAI(YR)

T TMRI (*) = 0/443/400

R OMRR.KL = OGM.K/12.0
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R MRSR.KL = PULSE(TMR.K(2)/3*(l-MRRF.K)/DT,0,12)

A MRRF.K = MHFAPR.K/MHFRIB.K

A DUMSHl.K= SHIFTL(TMR.K,INTERV)

C INTERV = 12

Total modification requirements (TMR) represent the

sum of all Class IV and Class V approved modifications, all

ongoing modifications that require multi-year funding, and

modifications that were approved but not funded in the pre-

vious year. MRR represents the Class IV requirement rate;

CL5RR is the Class V requirement rate; OMRR is the ongoing

modification requirement rate; and MRSR is the modification

resubmission rate.

Ongoing modifications requiring funding are about

seventy percent of the previous year's ongoing modifications.

The average modification is completed in approximately three

years; therefore, modifications resubmitted for funding are

about a third of the previous year's total modification require-

ment. The total modification requirement is structured in a

one-dimensional array with three elements. TMR(l) is the

accumulative current year modification requirement. Every

June, modification requirements are submitted from the ALC

system managers to AFLC/LOAP for incorporation in the fiscal

year prioritization list. This list is then forwarded to

HQ USAF for budgeting purposes. TMR(2) contains the total

number of modification requirements put in the POM budget

81

6 p



exercise and DOD budget. TMR(3) contains the total number

of modification requirements for the funding appropriation

year. The percentage of modification requirements, TMR(3)

funded, depends upon the amount of modification funds

appropriated that fiscal year. The Modification Requirement

Reduction Factor (MRRF) is this percentage, and is calculated

by dividing the total amount of BP-1100 funds appropriated,

by the amount requested in the budget. BP-1100 funds are

procurement funds appropriated for the purpose of procuring

modification hardware, more specifically, modification kits.

That factor is then multiplied by the total requirement,

TMR(l), to determine the number of modifications funded

(FMOD).

L FMOD.K = FMOD.J+DT*(FMR.JK-PULSE(FMOD.J/DT,

12.0, YEARLY))

N FMOD = FMODC

C FMODC = 65

R FMR.KL = PULSE(TMR.K(3)*MRRF.K/DT,12,YEARLY)

FMOD is used for information purposes. It is used

to calculate the number of new start modifications that have

been approved and funded. The pulsing structure in the above

equations is repeated throughout the model. In general, the

level is increased by pulsing in the input rate, and at the

end of the year, the level is totally depleted. It is then

ready for another fiscal year's information. This structure
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is an example given by Richardson and Pugh (23:128). This

structure is used frequently in the financial sector to

capture the funding level at DOD and AFLC.

L NMFUN.K = NMFUN.J+DT* (NMFR.JK-NMFRR.JK)

N NMFUN = NMFUNC

C NMFUNC = 10.0

R NMFR.KL = PULSE(MAX(0,FMOD.K-YOGM.K(3))/DT,.1,YEARLY)

R NMFRR.KL= MDEV.K/12

The number of new funded modifications is increased

4 by the difference between the total number of funded

modifications (FMOD), and the total number of ongoing modifica-

tions requiring multi-year funding. The pulsing structure is

again used to capture the idea that information is distributed

to all responsible parties. The MAX function is used here

in the event that there is no new-start modifications funded.

Newly funded modifications are reduced as they are put into

the modification engineering development (MDEV) cycle. While

in this cycle, modifications are considered to be undergoing

development, testing, prototyping and trial installation (10).

L MDEV.K = MDEV.J+DT*(MDRR.JK-PULSE(MDEV.J/DT,12.0,

YEARLY))

N MDEV = MDEVC

C MDEVC = 0

R MDRR.KL = DELAYP(MDIR.JK,DEVT.K,IMID.K)
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R MDIR.KL = NMFUN.K/3.0

A DEVT.K = NORMRN(MDEVT,STD)

C MDEVT = 18.0

C STD =3.0

After new start modifications have been approved and

funded, a process of engineering development will be

initiated. This effort is usually performed by the contractor

in all major modifications, and is represented by the above

equations. In this pipeline delay structure, modifications

in development are treated as if they were goods flowing

through a pipeline, and after a certain delay time, the

development effort is completed. The development time is

approximately eighteen months and is represented by a normal

random number function (NORMRN) with a mean (MDEVT) of

eighteen, and a standard deviation of 3.0. At the end of

the development effort, the new start modifications will

again be resubmitted for BP-1100 dollars, for kit purchasing,

and O&M dollars, for the installation of kits, modification

development completed (MDEV), provides information to yearly

ongoing modifications that require funding so that yearly

ongoing modifications requiring funding may be included in

TMR(1).

L COGM.K = COGM.J+DT*(COMFR.JK-PULSE(COGM.J/DT,0,

YEARLY))

N COGM = COGMC
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C COGMC = 0

R COMFR.KL = PULSE(YOGM.K(3)/DT,.5,YEARLY)

The portion of funded modifications (FMOD) that are

not new start modifications (NMFUN) are ongoing modifications

that require further funding. This is represented by current

year ongoing modifications (COGM) that are funded that

particular fiscal year. This information is fed back directly

into cumulative ongoing modifications that have been funded,

but for which the installation of modification kits has not

yet been accomplished.

L OGMFD.K = OGMFD.J+DT*(OMFR.JK-OMFRR.JK)

N OGMFD = OGMFD1

C OGMFD1 = 790

R OMFR.KL = PULSE(COGM.K/DT,.75,12)

R OMFRR.KL = MODCOM.K(2)/12

The equations above represent the cumulative ongoing

modifications funded where installation has not been

accomplished. If this level builds up, this represents a

large number of man-hours in backlog at the ALC level. The

backlog at ALC depends upon the ALC production capacity and

the availability of aircraft for modification. The level of

OGMFD is increased by the ongoing modification funding rate

and is decreased by modifications completed (MODCOM).
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L OGM.K = OGM.J+DT*(OMIR.JK-OMRR.JK)

N OGM = OGMI

C OGMI =0

R OMIR.KL = PULSE(YOGM.K(2)/DT,0,YEARLY)

L YOGM.K(1)= YOGM.J(1)+DT* (YOMIR.JK)

N YOGM(YR) = YOGMI (YR)

T YOGMI (*) = 0/60/50

R YOMIR.KL = PULSE((COGM.K*.70+MDEV.K)/DT,lI,YEARLY)

A DUMSH.K = SHIFTL(YOGM.K,INTERV)

OGM represents the level of ongoing modifications

that require further funding and decrease when transferred

into TMR (1). After OGM becomes a modification requirement,

it will decrease to zero. The level of ongoing modifica-

tions will increase again at the beginning of the next fiscal

year. OGM is determined by the information contained in the

one-dimensional array YOGM. YOGM has three elements.

Index 1 contains the number of modification engineering

developments completed and about seventy percent of the

current year ongoing modifications. The DUMSH 2 is used to

capture the yearly information that will eventually feedback

to the total modification requirement, TMR(l).

This concludes the discussion of the requirement

sector. The next sector to be discussed is the financial

sector.
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Financial Sector

In the previous two sectors, deficiencies were

generated, and through the approval process, became defined

modification requirements. This sector describes the budget-

ing, appropriation and expenditure of modification funding.

The demand for financial resources depends upon the number

of approved modification requirements. There are two types

of funds required for the accomplishment of aircraft modifica-

tions. They are O&M funds and BP-1100 funds. BP-1100 funds

are used for purchasing of modification kits, while O&M

funds are used for the installation of modification kits.

Essentially, O&M funds are used to pay for labor and BP-1100

funds to pay for material.

The budgeting of O&M, or installation funds, is

based upon yearly projected man-hour requirements (8).

Requirements are based upon the number of expected modifica-

tions to be installed at the ALCs during the next budgeting

year. The budgeting of hardware funds is completely

separated and unrelated to the budgeting of installation

funds (8). While installation funds are budgeted yearly, and

man-hour requirements are cnown far enough in advance to

make installation budget requests fairly stable, the hardware

budgets are multi-year budgets based on the total number of

modification programs approved, and are relatively unstable.

Each modification program has a cost requirement. Total
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cost represents all BP-11O0 dollars requested in the model's

budget. This dual funding structure has been the subject of

criticism (16:65).

The appropriation process of modification funding is

similar to that of any governmental agency. When the final

DOD budget, which includes the Air Force budget is received

by Congress, the Congress will determine the overall spending

patterns to meet national objectives (21:35). Based upon

national economic conditions and various lobbying efforts,

Congress will allocate to DOD, and DOD will, in turn,

allocate to the Air Force, dollars, a portion of which will

be spent on aircraft modifications.

Expenditure of modification funds is accomplished

through payment for modification kits purchased from

contractors, or manufactured organically, and for payment of

modification installation activities at each of the five

ALCs.

Discussion of the Causal Loop Diagram

A causal loop diagram of the financial sector is

presented in Figure 4-13. As modification requirements

increase, the modification funding recuests will increase.

The level of DOD-appropriated funds will increase as the

support factors increase. These factors include Presidential

support, Congressional support and lobbying pressure upon

decision makers. These support factors increase as the
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perceived threat of the enemy increases. When the perceived

threat to the country's national security is high, usually

more dollars are made available to the DOD and less to the

non-DOD sectors. When the total DOD-appropriated dollars

goes up, we can generally expect the total modification

dollars to go up accordingly.

Discussion of the Flow Diagrars and Equations

The flow diagram for this sector is presented in four

figures, Figures 4-14 through 4-17. The following is a

discussion of the DYNAMO equations that are constructed to
4 represent the conceptual structure described earlier. P

A MHFREQ.K = AVMC.K*TMR.K(3)

A AVMC.K = AVMCC*(l+.06*(TIME.K/12.0))

C AVMCC = 7.0E6

The equations above calculated the total modification

funding requirement for hardware (MHFREQ). It is determined

by multiplying the average modification cost by a total number

of modification requirements TMR(3). Average modification

cost (AVMCC) is calculated by using the data from the FY 83

and FY 84 modification requirements priority lists submitted

for budgeting. The average cost of modifications is assumed
4p

to increase with time at an inflation rate of six percent.
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TABLE 4-6

VARIABLES APPEARING IN FIGURE 4-14

Variable Definition

MHFREQ Modification Hardware Funding Requirements
AVMC Average Modification Cost
TMR Total Modification Requirements
AVMCC Average Modification Cost for FY 83 & FY 84
MHFRIB Modification Hardware Funding Requested in

Budget
MHFDR Modification Hardware Funding Demand Rate
ALCPW Air Logistic Centers Planned Workload r
AVMH Average Man-Hours per Modification
CPMH Average Cost per Man-Hour
MIFRIB Modification Installation Funding Request

in Budget
MIFDR Modification Installation Funding Demand

Rate
DODRIB DOD Funding Requested in Budget
DODDR DOD Funding Demand Rate
DODRR DOD Funding Demand Reduction Rate
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L MHFRIB.K =MHFRIB.J+DT* (MHFDR.JK-PULSE (MHFRIB.J/

DT,12.O,YEARLY))

N MHFRIB =MHFB

C MHFB =3.1E9

R MHFDR.KL =PULSE(MHFREO.K/DT,12,YEARLY)

C YEARLY =12.0

The level of BP-1100 hardware budget request

q (MHFRIB), is based on the total modification hardware funding

requirement (MHFREQ). It is pulsed into the system every

fiscal year and pulsed out at the end of the fiscal year.

A ALCPW.I( = YOGM.K(3)*AV4H.K

A AVMH.K = AVMHC

C AVMHC = 60E3

L MIFRIB.K = MIFRIB.J+DT*(MIFDR.JK-PULSE(MIFRIB.J/

DT,12.0,YEARJY))

N MIFRIB = MIFB

C MIFE = 6.37E7

A CPMH..K = CPMHC

*C CPMHC = 15.0

R MIFDR.KL = PULSE(AIJCPW.K*CPMH.K/DT,12,YEARJY)

The modification installation funding reguiiement

(MIFRIB), is based on yearly ongoing modification

require further funding, times the average man-hov er

modification. Average man-hours per modification. Average
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man-hours per modification is calculated based on the number

of modifications submitted and approved, and the total number

of man-hours involved in the accomplishment of these modifica-

tions (2,3).

L DODRIB.K = DODRIB.J+DT* (DODDR.JK-DODRR.JK)

R DODDR.KL = PULSE(MHFRIB.K+MIFRIB.K)/DT,12.25,

YEARLY)

N DODRIB = MHFB+MIFB

R DODRR.KL = PULSE(DODRIB.K/DT,12.25,12)

When all the budgeting information is compiled and

documented, it is submitted to DOD for incorporation into the

overall DOD budget and, in turn, into the President's budget.

Budget information required for the DOD-level budget is

comprised of a modification hardware budget and a modification

installation budget. The DOD budget level is used to

determine how much DOD will get. Historically, DOD does

not get all it asks for, and the amount it does receive is

based on the different support factors discussed earlier.

The flow diagram for the appropriation phase is

contained in Figures 4-15 and 4-16. The equations are

presented below:

L GNP.K = GNP.J+DT*(GNPGR.JK)

N GNP = GNPI

C GNPI = 2858.6E9
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TABLE 4-7

VARIABLES APPEARING IN FIGURE 4-15

Variable Definition

GNP Gross National Product
GNPGR GNP Growth Rate
AVPI Average Annual Percentage of Increase of

GNP
DODAPR DOD Funding Appropriated
DODAR DOD Funding Appropriation Rate
PGNPD Percent of GNP to DOD
PDODM Percent of DOD Funding to Modification
GOVPOL Governmental and Political Factor
DODRIB DOD Funding Requested in Budget
PRESF Presidential Support Factor
CONSF Congressional Support Factor
LPF Lobbying Pressure Factor
PTHRT Perceived Threat of Enemy
MIFXR Modification Installation Funding

Expenditure Rate
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TABLE 4-8

VARIABLES APPEARING IN FIGURE 4-16

Variable Definition

MIFAPR Modification Installation Funding
Appropriated

MIFAR Modification Installation Funding
Appropriation Rate

MHFADR Modification Hardware Funding Appropriated
Decrease Rate

MIFXR Modification Installation Funding
Expenditure Rate

MHFAPR Modification Hardware Funding Appropriated
PDHF Percent of DOD Funding to Hardware Funding
DODAPR DOD Funding Appropriated
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R GNPGR.KL = AVPI.K/12*GNP.K

A AVPI.K = AVPIC

C AVPIC = .109147

The amount of DOD dollars appropriated is dependent

upon several factors. One of these factors is the economic

condition of the country. The economic condition of a

country is usually measured in terms of its gross national

product (GNP), that is, the total goods and services producedr

during a particular year (14:5-8). GNP is included here as

information to determine the number of DOD dollars it may be

allocated. The trend of growth of nominal GNP was determined

by averaging the last ten years data (9:89).

L DODAPR.K = DODAPR.J+DT*(DODAR.JK-PULSE(DODAPR.J/

DT,4.0,YEARLY))

N DODAPR = 0

R DODAR.KL - PULSE(MIN(GNP.K*PGNPD.K*PDODM.K,

DODRIB.K)/DT) ,OCTIYEARLY)

C OCT = 4.0

A PGNPD.K = TABLE(PGNPDT,GOVPOL.K,.5,1.5,.2) p'

T PGNPDT = .05/.055/.06/.07/.08/.09

A PDODM.K = PDODMC

C PDODMC = .013 w

The level of DOD-appropriated dollars (DODAPR) is

increased when Congress passes the appropriations bill and

the President allocated the appropriated dollars to DOD.
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It should be pointed out that DODAPR is only representing

DOD dollars for modification purposes--that includes the

two different types of funds discussed before. DODAPR is

determined by comparing what DOD has requested in the budget,

to what is available to DOD. What is available to DOD, is

determined by the percentage of GNP that will go to DOD

(PGNPD). The percentage of DOD dollars to modifications

(PDODM), will determine how many dollars are available for

aircraft modifications. The percentage of GNP that goes to

DOD is determined by Government and political pressures, and

PDODM is entered here as a constant. This is calculated

from several years of data (9:80). The PGNPD table was

constructed based on the minimum percentage DOD had gotten,

approximately five percent of GNP, and the upper value of

about nine percent. These are normal peacetime percentages

of GNP usually devoted to DOD.

A GOVPOL.K = (PRESF.K+CONSF.K)*LPF.K

A PRESF.K = PRESFC

C PRESFC = .5

A CONSF.K = CONSFC

C CONSFC = .5

A LPF.K = TABLE(LOBBY,PTHRT.K,0,1.0,.2)

T LOBBY = 1/l/1.1/1.2/1.3/1.4

A PTHRT.K = .5+.5*SIN(6.283TIME.K/48)

100



The Government and political pressure (GOVPOL) is

a measure of support from the President (PRESF) and the

Congress (CONSF). This support factor is further modified

by the level of lobbying effort (LPF). This model assumes

that the President and Congress stay in the neutral position

(a value of .5). That means no bias toward either DOD or

non-DOD. The lobbying pressure factor is a table function

based on the perceived threat. Generally speaking, as the

perceived threat increases, DOD's lobbying pressure increases;

and as DOD's lobbying pressure increases, DOD dollars will

increase. The above equations capture this idea.

L MHFAPR.K = MHFAPR.J+DT*(MHFAR.JK-PULSE(MHFAPR.J/

DT,4.0,YEARLY))

N MHFAPR = MHFC

C MHFC = 1.7E9

R MHFAR.KL = PULSE(DODAPR.K*PDHP.K/DT,4.25,YEARLY)

A PDHF.K = PDHFC

C PDHFC = .75

Once DOD appropriations have been determined, they

are further divided between hardware and installation

appropriations. The fraction that goes to hardware (PDHF)

4 is approximately seventy-five percent. This is pulsed into -1

the yearly appropriated BP-1100 fund. The other twenty-five

percent goes to (O&M) funds for distribution and expenditures

4 (20).
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L MIFAPR.K = MIFAPR.J+DT*(MIFAR.JK-MIFXR.JK)

N MIFAPR = MIFA

C MIFA = 0

R MIFAR.KL = PULSE(DODAPR.K(I-PDHF.K)/DT,4.25,YEARLY)

R MIFXR.KL = MIFAPR.K/12.0

These equations represent the portions of modifica-

tion funds that go to installation. The structure is a

rather simple one. The ALC modification manager has a fairly

accurate prediction of his workload. The money appropriated

usually is depleted at the end of each fiscal year to pay

for the services done by production workers. The expenditure

of the BP-1100 fund is more complicated and is addressed

next.

The expenditure structure of the BP-lI00, or modifica-

tion hardware funding is presented in Figure 4-17.

The level of MHFAPR is pulsed into the pot of

modification hardware funds available (MHFA). MHFA is

the accumulated BP-1100 money that was not obligated in pre-

vious years. BP-1100 dollars are three-year obligatory

dollars. If this yearly appropriated money is not used, it

builds up in this level and indicates a number of modifica-

tions are having scheduling problems, such as modification

kit production problems, kit delivery problems, etc.

L MHFA.K = MHFA.J+DT*(MHFTR.JK-MHFOR.JK)

N MHFA = MHFAC
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TABLE 4-9

VARIABLES APPEARING IN FIGURE 4-17

Variable Definition

MHFA Modification Hardware Funding Available
MHFTR Modification Hardware Funding Transfer

Rate
MHFOB Modification Hardware Funding Obligated
MHFOR Modification Hardware Obligation Rate
MHFPR Modification Hardware Payment Rate
KST Kits Shipment Time Delay
KITX Kits in Transit to Depot
CPKIT Cost Per Kit
FMOD Funded Modifications

10
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C MHFAC = 4.25E8

R MHFTR.KL= PULSE(MHFAPR.K/DT,4.5,YEARLY)

R MHFOR.KL= KITX.K* CPKIT.K/DT*CLIP(1,0,MHFA.K,

KITX.K*CPKIT.K/DT)

A CPKIT.K = MHFA.K/FMOD.K

The yearly modification hardware funding transfer

rate is the amount appropriated each year (MHFAPR). The

obligation rate (MHFOR) is dependent upon the number of

modification kits that have been ordered and are being

shipped to the modification center. The cost per kit (CPKIT)

times the number of kits on order, represents the number of

dollars to be obligated. A clip function is used to insure

that funds cannot be over-obligated. This is a general

requirement for all Federally-funded projects. The cost per

kit is calculated by dividing MHFAPR by the FMOD, the number

of funded modifications.

L MHFOB.K = MHFOB.J+DT*(MHFOR.JK-MHFPR.JK)

N MHFOB = MHFOBC

C MHFOBC =0

R MHFPR.KL = DELAY3(MHFOR.JK,KST,K)*CLIP(1,0,MHFOB.K,O)

As funds are obligated, this increases the level of

modification hardware funds obligated. This level is

depleted as contractors are paid for the goods and services

provided. The payment rate (MHFPR) is represented by a third
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order delay, and the delay time is the kit shipment time.

Contractors are usually paid after the modification kits are

on hand at the ALC modification center, and have been

verified for their completeness. The amount paid out cannot

exceed the available funds obligated. This is represented

by the CLIP function as shown above.

This completes the discussion of the modification

financial sector. With the availability of both BP-1100 and

O&M funds, the last stage of the modification system will be

activated. This is the production sector and will be

discussed next.

Production Sector

The purpose of the production sector is to combine

modification kits, financial resources and labor, to produce

more reliable, maintainable and capable weapons systems. This

last stage of the system represents actual installation of

modifications. The last three sectors have established the

need, defined the requirements, and obtained the financial

resources in order that this last stage of work can be

carried on. Modification installation is usually performed

at Air Logistics Centers in conjunction with regularly pro-

grammed depot maintenance (PDM). During PDM, the air-

craft is stripped for numerous inspections, overhauling and

general maintenance. This makes the installation of most major

modifications relatively easier to perform.
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Within AFLC, there are five Air Logistics Centers

which are assigned different series of aircraft for manage-

ment, maintenance and modification. The production capacity

of the five ALCs is the modification production constraint

(8). The production capacity determines the number of air-

craft that each center can handle during any time of the

year. Aircraft are scheduled in, by tail number, for PDM,

at which time modifications are installed (8). The rate of

modification production is largely determined by the aircraft

cycle time (8). Cycle time is determined by the aircraft

fleet size and the space available for these aircraft. If*
space is not a c nstraint, then aircraft theoretically can

be modified in a fairly speedy manner. The production

capacity is determined in this model by two major factors:

the level of production workers and the level of production

space. The other constraints are kit availability and air-

craft availability from the operating command.

Discussion of the Causal Loop Diagram

The causal loop diagram is presented in Figure 4-18.

The conceptual structure of this sector is a rather simple

one. There are several faictors that have an effect on the

modification production: "Phe number of modification kits on
4 V

hand, the availability of production workers, and the availa-

bility of production space. As these factors increase,

modification production increases. This structure is similar
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Fig 4-18. Production Sector

Causal Loop Diagram
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to any production structure where demand and resources

available drive the production rate and level of production

output (14:155-159).

Discussion of the Flow Diagram and Equations

The flow diagram of this sector is presented in

Figure 4-19. The equations for this sector are presented

below:

L MODCOM.K(l) = MODCOM.J(1)+DT*(MPCR.JK)

N MODCOM(YR) = MODC(YR)

T MODC(*) = 0/50/50

A DUMSH7.K = SHIFTL(MODCOM.K,INTERV)

R MPCR.KL = DELAYP(MPIR.JK,PRODT.K,MODIW.K)

A PRODT.K = NAC.K/LOPS.K*ADJF.K

A NAC.K = 8600.0

The variable completed modifications (MODCOM) is set

up as an array to capture yearly modifications completed.

This information is used to reduce the level of ongoing

modifications that were funded during the beginning of the

fiscal year, and also used to increase the weapon system

capability level. Modification production is structured as

a pipeline system to capture the delay involved with installa-

tion modifications. The production time is a function of the

level of production space (LOPS), the number of aircraft

needed to be modified (NAC), and the number of aircraft
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TABLE 4-10

VARIABLES APPEARING IN FIGURE 4-19

Variable Definition

MODCOM Modification Completed
MPCR Modification Production Rate
MPIR Modification Production Initiation Rate
PRODT Production Delay Time
NAC Total Number of Aircraft
ADJF Adjustment Factor
MODIW Modification in Work
KITOH Level of Modification Kits on Hand
KITRR Kits Receiving Rate
KITUR Kits Use Rate
KST Kits Shipment Time
KITX Kits in Transit
COGM Current Year Ongoing Modifications
MHFA Modification Hardware Funding Available
CPKIT Cost Per Kit
CAPF Production Capacity Factor
MIFAPR Modification Installation Funding

Appropriated
PERCAP Personnel Capability
PROVY Productivity of Workers
FACCAP Facility Capability
LOPS Level of Production Space
PSCCR Production Space Construction Completion

Rate
PSCIR Production Space Construction Initiation

Rate
CONDT Construction Delay Time
SUC Space Under Construction
LOPW Level of Production Workers
TCR Training Completion Rate
HIR Hiring Rate
LOWIT Level of Worker in Training
DLOPW Desired Level of Production Workers
LOPW Level of Production Workers
ATTR Attrition Rate
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the modification centers can handle (ADJF). The fewer

the aircraft needing modification, the shorter the time required

to finish the modification of the whole fleet. As more

production space is made available, the production time is

also shortened. The average modification takes about three

years to complete.

R MPIR.KL = MIN(COGM.K,KITOH.K)/12.0*CAPF.K*CLIP

(1,0,MIFAPR.K,0)

A CAPF.K = MIN(PERCAP.K,FACCAP.K)

A PERCAP.K = LOPW.KPRDVY.K

A PROVY.K = PRDVYC

C PRDVYC = 1.0

A FACCAP.K = LOPS.K

The modification production input rate decision

(MPIR) is based on two sources of information: the number

of modifications that are funded and ongoing, and the number

of modification kits on hand. The number of modification

installations that can be initiated, is determined by the

minimum of the two factors: required number of kits on hand

and production line capacity. Included in the rate equation

is the factor of MIFAPR. This is to assure that O&M funds

are available prior to installation of the modification.

The capacity factor (CAPF) is used to determine the

number of modifications that can be started. The capacity

factor is a MIN function of personnel level and facility or
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space level. A policy change in availability of space must

be accompanied by a change in the level of personnel in the

same direction, otherwise there will be an excess of

either people or space. This is why the capacity structure

is set up as a MIN function.

Personal capability (PERCAP) is a function of the

level of production workers and the workers' productivity.

The product of these two factors will be a measure of the

actual workers available.

Facility capability is a measure of the level of

production space available for production lines. As mentioned

earlier, if more space is made available than the ALC currently

possesses, the modification production rate will increase.

L KITOH.K = KITOH.J+DT*(KITRR.JK-KITUR.JK)

N KITOH = KITOHC

C KITOHC = 20.0

R KITRR.KL = DELAYP(KITOR.JK,KST.K,KITX.K)

A KST.K = KITC

C KITC = 3.0

R KITOR.KL = (COGM.K/12.0)*CLIP(I,0,MHFA.K,COGM.K/

12.0*CPKIT.K)

R KITUR.KL = MODIW.K/DT

The number of kits on hand (KITOH), affects greatly

the rate that modifications can be completed. Therefore, it

is included here for possible investigation, once the model
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has been validated. The number of kits on hand is increased

after kits are ordered and received at the modification

center. Generally, modification kits are ordered as BP-1100

dollars are appropriated. The kit order rate is determined

by need or demand. This demand information comes from the

current year ongoing modification (COGM). Provided there is

enough modification hardware funding available, kits can be

ordered. The shipment time of kits are critical to the

initiation of modification production. It is, therefore,

an issue for detailed study. The kits usage rate (KITUR),

is determined by the number of modifications in work (MODIW).

The faster the modification production is completed, the

faster the level of kits on hand is depleted through the kit

usage rate.

L LOPW.K = LOPW.J+DT*(TCR.JK-ATTR.JK)

N LOPW = LOPWC

C LOPWC = 1.0

R TCR.KL = DELAY3(HIR.JK,3.0)

R ATTR.KL = LOPW.K*PATT.K

The above equation represents the level of production

workers (LOPW) at any point in time. This level of workers

affects production capacity. LOPW represents proficient

workers who can work on a modification installation. This

level is increased by training new hires, and is decreased by
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layoffs, retirements and transfers. It is included here for

possible future study.

L LOWIT.K = LOWIT.J+DT*(HIR.JK-TCR.JK)

N LOWIT = LOWITC

C LOWITC = 0

R HIR.KL = (DLOPW.K-LOPW.K)/3

A DLOPW.K = DLOPWC

C DLOPWC = 1.0

The level of workers in training (LOWIT), is deter-

mined by the hiring rate (HIR) and the training completion

rate (TCR). Hiring rate policies are determined by

differences between the desired level of production workers

(DLOPW) and the current level of production workers (LOPW).

Training completion rate is a third order delay of the hiring

rate, with a delay time of three months.

L LOPS.K = LOPS.J+DT*(PSCCR.JK)

N LOPS = LOPSC

C LOPSC = 1.0

R PSCCR.KL = DELAYP(PSCIR.JK,CONDT.K, SUC.K)

R PSCIR.KL = MAX(DLOPS.K-LOPS.K,0)

A DLOPS.K = DLOPSC

C DLOPSC = 1.0

A CONDT.K = 48.0
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The level of production space (LOPS), is important to

modification production as previously mentioned. It is

structured as a pipeline of facility construction. High

level managers may make policy decisions to erect more

hangars and facilities. This would allow more aircraft to

be modified at one time, thus, shortening aircraft cycle

time to depot. Shortening aircraft cycle time between depot

visits would help decrease modification installation backlog.

Summary

In keeping with the system dynamics approach to

problem-solving, an aircraft modification model was explained

in this chapter. This formulated model is composed of four

major sectors, and a detailed discussion of each was presented.

Chapter V will present conclusions and some recommendations

for further study that evolved from this research effort.
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CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
FOR FURTHER RESEARCH

Introduction

The general objectives of this research were to

develop a conceptual understanding of the complex, dynamic

nature of the modification process, and develop a computerized

policy model which reflects the structure of the process.

* This chapter will summarize research results regarding these

specific objectives. The chapter will conclude with a sec-

tion recommending areas for further research.

Summary

Objective 1: Identify the structure of the

modification process.

This objective was met by an extensive literature

review of current Air Force regulations, previous studies

and interviews with various modification managers. The

research effort regarding this objective resulted in a con-

ceptual model of the aircraft modification system structure,

as shown in Figure 4-1. The system structure was first
UJ

described by four sectors: need, requirement, financial

and production. This macro view of the structure was

further refined into subsectors for a more detailed under-

standing of the process.
117



Objective 2: Isolate the interactions and influence

of the components and variables within the system.

This objective was met by translating the conceptual

understanding of the system structure into causal loop

diagrams. These causal loop diagrams hypothesized the pair-

wise causal relationships between system variables that

formed the system structure. The causal loop diagrams helped

visualize the effect of a change in one variable on the

system or sector qualitatively.

Objective 3: Describe the decision structure that

determines the information, funding and material flows within

the system.

This objective was met by the development of flow

diagrams of the four sectors. These flow diagrams described

in more detail the relationship between variables.

Specifically, the rate in which variables flow from one level

to another. The rate at which the levels increased and

decreased formulated the decision structure.

Objective 4: Construct a mathematical model which

represents the components, relationships, information flows

and decisional policies of the system.

This objective was met by translating the flow

diagram into mathematical equations which represented the

hypothesized relationships and decisional structure

qualitatively. The equations developed were compatinle
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with DYNAMO simulation language. This served as a basis to

accomplish Objective 5.

Objective 5: Develop a computerized model which can

be used for policy analysis and development.

This objective was partially met by developing

equations for all four sectors. These equations, operating

together, formed a computerized model of the system. In its

current form, it cannot be used for policy analysis. This

will be discussed in light of the next objective.

Objective 6: Verify and validate that the model

represents the structure and decision-making process within p

the modification process.

This objective was partially met. Validation and

verification, as discussed in Chapter III, are an integral

part of model development. As each relationship was hypo-

thesized, it was evaluated based on the reasonableness of

the hypothesis, and the contributing value of this relation-

ship to the operation of the system. In many instances,

originally selected variables were discarded and new

variables substituted to enhance the value of the model.

The computerized model should be operated as a whole, and

validation testing of model structure continued, so

confidence in the model can continue to grow.

Objective 7: Identify areas of sensitivity or

critical issues in the modification policy.
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The objective was partially met. Sensitivity analysis

was not accomplished. Sensitivity analysis involves varying

system parameters and observing the effect of system behavior.

This should be accomplished after overall model validation

has been achieved.

One critical issue was identified during the course

of the research. The issue involved management's policy

toward modification man-hour backlog. Man-hour backlog

represents modification man-hours of approved and funded

modifications that have not been installed in the involved

mission designated series (MDS) aircraft. Research showed

the backlog of man-hours for F-4s exceeded five million man-

hours as of June 1982, while A-10's backlog was over one

million man-hours. The modification manager, being inter-

viewed, indicated that these backlogs really do not present

a problem, as all required modifications available for a

particular aircraft are accomplished on that aircraft each

time it cycles through the depot. However, even if no new

modifications were approved for installation as of now, the

present size of the F-4 backlog is so great, that it would

take four to six years before the system could reduce the

backlog to near zero. As of this writing, there appears to

be no formal policy to address the problem of backlog.

Managers may want to consider the backlog to be more than

just a simple catch-up problem. The problem with delayed

* installation of backlogged modifications raises a question
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condc'erning the value of these modifications in terms of lost

capability as they go uninstalled. The amount of backlogged

man-hours should carry more weight in the approval of new

modifications. This would necessitate a policy change in the

approval process.

Objective 8: Suggest changes, if required, in the

management stucture of the modification process.

No experimentation was done with the computerized

model. The experimentation should be done after sufficient

confidence has been built in the model.

Recommendations for Further Research

1. The operation of the model is recommended in

order to analyze the behavior of the system over time.

2. Validation of the system behavior through

comparison of simulated behavior with actual historical

trends is also recommended.

3. Research should be conducted to confirm the

structure of the table functions in this model.

4. Policy experiments should be developed in the

area of the time involved with the whole process, production

facility policies and backlog policy.

5. A long-term commitment to the continual develop-

ment of and expansion of this model is urged so that it may

realize its full potential as a policy analysis tool.
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Conclusion

The presentation of this research has indicated

that the aircraft modification system is indeed a complex

system. The total research effort was extremely rewarding.

Although the operation of the model was beyond the scope

of this research, a thorough understanding of the modifica-

tion system was attained. It is hoped that this thesis

will arouse certain enthusiastic modelers to continue the

research from where this effort ended.
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APPENDIX A
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APPENDIX B

CLASS IV AIRCRAFT MODIFICATION
KEY STEPS
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to FC 7--1 in or,'- t*o *'
d ._"itize the mod nrorc_-a.

?TTE: AFLO'- Forms 48 are nc-rna1'.y
prepared after modz -ae
but czan be roared alor- 77-,

Or in a Of the hbZe 0
k~aernding uprt

rerevirerieratl

anroval for thos3e mo.:
anil :other approved riodz to

fr aroved l'asc 7 7rd

14b. Azsuzre '-hat waayonn t"rtenm3 are
a~albeto :na 'tha ocronosed ina-9

requirements.

.,a .eV4e: ard ar-ri;cs or .u-
approves mods ever un ar2

15b. 2e n,'s F' rr ' t n7. /~T -,Y
final ar.rroval on mnods -more
than 1 M

5c T7equezt m~od ac-,jistior "'3cs
from 131A?/LIEX for og-.

')d Se-d . __' c , .. - . -
ra med, m .o ith a trnta1 of Z
than $O to "'A"?/T2YE~ -4'.r z;i2 a

s ourceS of f-inis wer t%.. _'A-- %

li40* of ar-rnv 'd tut
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16b. US.AF/LEXWl funds unprogra-mmed
mod requirements if fallout funds
are available bassd on a
priority list.

HQ USAF 17. USAF/LUY .r.videzS P- ar roval
and auidance on all Class IV modz ever

4 1 OM *

18. Prepares implementing PMD "
'"^-^7e directed mods,

H".. UJ0aL Y. issues program aher-
ity for mod acqu I",-on fnds. The
program authority specifies the q;an-
tity of kits to be prccured in the
applicable FY.

I9b. HQ MSAF/A-B issues the budget
authcrity.

19c. The PA and BA are the only
documents which authcrize funds expend.
ditures for this purpose. The PA
authorizes the program. The BA tran-
smits actual obligation authority
from HQ UZAF.

A7T -0a. "anages funds -for 'Caw 1V mo,!

20b. Provides funds to the SM or TM
after mod approval. S

21a. Prepares necessary docurmertation
for acquisition efforts.

:lb. Acquires necessary kits and
material to accomplish Tod. Enr lrez
that support equipment, s-r-s, train-
ers, etc., are acquired in tine fnr
first kit dalivez-1,.

22a. Manages inctallation offrar.

22b. Perform.s kit proofing.

A_.' ..ports mod status through the10-79 system.
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APPENDIX C

CLASS V AIRCRAFT MODIFICATION
KEY STEPS
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M!7! 11IIODZ: PROC11S-C

riP C, 7 1 . ubrnitz statement of operational
:recd (SON) as outlined in A??.5-'.

upiae~ b A?/D~ ltter 20 August

Ot1.e ommandz 2a. R.eview and cc7Lrent o- O' as
atnd H, IMF utline,! in AF? <1-1..

-b. AF- T or ' ' nrovlle~q sclution
alternatives with BCT and rro 7'jid

AT /-rD-4'zct J* a. For ZilasS V mods to 'Ic f^_- ,-h--h
ivis ion TFIS Chas PM4?, arnd .XLC S~s prepare

BC!_ and zutmit to AFL-'.

1b. 7FOr ^1aZ3 7 'ncdZ to T Z fO r vi C h
6AFZ-C stt 11 has P:,.2, the -,roduct divis-

ion SPO/)pro'4ect officer nrerares 2CT
and submits to AF 1S - and the STI
originator.

~ SA, fl4. After user submits revised C;ONI
Actiok OfIcer with program an~d PDP, obtains fi*na

and Air Staff coordination,
and, prepares ?orm 79, 2ecquirement
Surmmarj.

~ YAY, ?D 5a. Presents ISON and rroposed Z'.z: 7
ACtion Officer mod pro-ram, using AF ?orn"9 t

the RG.

5 '.ec~mmends that the S ODN and
program for solution be validated or
returned to orgntr Tf -vac2.1i-

*ated, recomrendJs "submission t%.o the
P?'I for prioritization for funds
cometition.

5c. "Piblii'ez ?P v-1 ~ ,-.ng ".!
or retCurns rSON to origina-tor.

2.If a Justi.Vication for !"7ajor
7-3tem Cs tart (~CZ per Do:)
5 000.1 is needad, proca-z ri n
the same. Further progrannine act1on
for I'y "N'ew ^tart" cann~ot continue
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urti ahai2 ber n bIttad with
the kir Force '0 and ar:)rval by
172C'3'2 in the Prograrn De.,is-_on '1e
Irardum (P!, ). See DoDD ",000.1.

T ~ ~ ~ ~ ~ i R7' 2 6 ~~equirementz Pre%5ew or
Asszsment t_!rou:, th ough the direc-
tor leval ?RC, valid.ata.7 the need
and a'Jproves3 the- CdZais ' mozi
ZsOuton, a new devenpment nprogram, F
or f-~e:2'acquisition.
Va2.i--tion allows the pr+u o
compete for n.rnds. ';here 4an! how
the solution compet3-S fr f-und-,~ h
in t he PT)V- de)ernd- on the type )f

program validaed._ if no adtoa
tudy, res-oarch, or ad."aned devel-

oDnent -~s ne!: ! - .. .. gr-m will.
.3nter Competiti: n f:
4evzloomant (6.4 C'') nOr r

A uctior. tundo (3 an-d ~) fa
6 .:Z or- 6.3! (technical b~z:e -

effort is required, the -,uc
==:Pete -for these fur.d ('-o toA)

Trq: .7-.e r, 7. f the valdatad ne--% ._'-tnn
apprachdoes rnot require a tzn:2

baza effort, but doeZ need cn2n!urnG
d4evelopment (r-.4 PEI the -p:,gram
-Aust. enter cmeii~: n~er
ing development fundz; an'd a:c ,uIzltion
fIundz smltanse, u22.y CO? 2nd _'). -a
do n~ot rnorml': d~c engineer-ing devel-
opmnent -,nt;. acyqizition fjndz- are
incjQ 7ote .r oce Procgranm
77 7P) . f no enngine.3r~rg davelor_

ment Lneoc!U!, the mod Cal- com'e,3
di~tyfor acquisit.or. fu.-dc_ (71e

T~ ?'T, 2 _a vallIated prog:-ram
~ ~. .-eve pnent funds. If Tn,-

th de.islon ::ar. bal : y th-
*director" re -onzib 'ha the ztin!-

prograr. Tf a larrti .-ff-r i-

in th ?P, for ic.in~ Y.
through the prpit >.J

?Ic cou..Zd cos.. -f n- mr
* ~~~~than a dizscuzzion s.h~ rga
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elemnent :orcitor O',r

of the full PP2BZ. At the eni, r4tr
a-- availabl.e or thv r- not.

1 f no e) fun sV~- _- I ~
Zram an contin-le tm Y" -mete for

S0. T 
4  

-1kl r,--.i c i l -fid-

af~-' two bud T11-%,i -" -a-a-,n

revi 3vied by thie 7?.2- for r-t'r

hi-hao"',Z to r,

witn' crrent 5 g ~ t.

iT"~ ~' ' C) T4 'ud arh1 ava

li-ctinZ the -p2~ ~r ora m

"~ ~7, ~YT~' t. ~~'2Zis,,ies a 7orrn 54'rct

A7. v~e 12. T-n anpropriate organi--atio-
~ or w.ithin A2 'o-.t the -'velor-

6.2 or 6.3 effort is nezd.,t'r-
-n f- -_a.ya -. a4A-' 

4  
s

now retndy for ec5.nerirvooz
ment, it mnovaez to 1. and

~ ''" ~13. The Prozram 7:l32-nt 11,nlt.---
(P:::) rezent their propose ;o

-~~~o; . c *27 ~~so ak~

Pa~l.The panel-- nrevar:- nropm-,!4
ris.'Hon area progr-avs for the :!irrmnt

?*9ILL. C71ass V nos a-r orb:rt1oth,

.tior f zr Io the panels and to tlie P"C by tlic
-1 O-. T- D7-'--.-7

ists of the meods 'th '

15.1

ThlAirporson to the P7G .hiohs"A r ,2r - th %i -o
posel mod program portion of the
-rren:?t pc! cffort .
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TrAF A?/2XM, 16. Ths pronosed n
n (Pzrel) Trograms and the P:'C are

r ?T'.^hairner!7on nresentme! to t!,e P71C :~ no
1grates them into the P(lr~ "4 1
the 15'.~ throlijh thte A ir Thr, hoard

three exercises).

an4 ap-rovedl by the? A?
are resolved.

!t or' D ~A hb~de

APD?. T ?7WG reix z ll nnw -t7rt
lassV mods included in the A~

~ r~.'ie:: . .-nod budget.
"he -:rocess translateT tun- p-'f ;4t

-a -_,,rrent er :e.rt budget

M~'7~7,~S,19. The e~~t-e- hs~ht
Conrrresc appproval and apprpiton oes

T~"2C sr ;u ri the funds will
not be Incl',ded! ir tlie nrogrxr f'or

a nlzb-aquert year ('Y2PD).

20. T fu' ate avalabnle for IL&7,
go to D. if not., the nrigran a

C"ns te acain. if ,ini.nde!- _-ftr
twoc c-cv_:e:, it' -0 e tn r vetirn.
If' included in the tP-1P, and aclni:Pas

mn.,ia!fundngthe mod Tmuct coOpet12
,.n e:ach zbe;n PCcycl-C -A unt il
it iz commlet-lr !7'r~sd.

2 1. if mnod fu.nds are appronr:,4ated
oravailable .;'uin tha :urrnt p~r-

gr-am, gyo to 2.

conrdin*o- it Wi4 rr~ t ~'

4*
ing C'11 particlination in engrinecrin-
develo'-ment.
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CF Prdu -t 2-4 Pr---arn annrcr5 ate nrcgr-am
DIvi. on or !nanagenent plan and sjbmit to th~e

,IT ~ approving authori ty. Th e prcduct
-Aivs-r o~ll c!~evelon-

nent funds a-nd ths dnvnionT~er~t
effort. 'urzs an aatan

er-.-dan! upr eq;.-m r nt are
rdevelo-oed arnd tected. PTTE isr
norm-7112, c-r!.ictd by oT or Ihy
the iusinr commran~d with m2Z on-
itorin. Befcre completion cf t!- -
!elopment rrr-am, t h= IVPI rcr
!mally requezted, so that' M R1vi

~ ta .- Iace 1nedat_y o1':-r

~- T QA?, Z 2 .11hen approaching the tima for
A -+ion. Of -ioer !r~cir nit-'ation, h . c;

officer will. prepare a PMDreesig
arn MPA.. The P-D!zcoordinated a-ndr

4sign.ed out by tli: a-rrnai-te 7AD
director. MPAs are only rs puested if
fdlu will be available for poduction.

H, A? ,-~to AFLC iZ-sues aPA2direCtine~mYP
pre aratio.

Y.The *,PA ic n~ormally pra.-ar2.
Prcoduct sivI or. by ",he jz-*~u~nc- ;--,tS '-on the

product JivisioL resnorsi l for
ev -o-ent,. The A ~cim.

commnts. and zendz the FIP tc t-710o

__2g Z.nns23 V arnd coorldinate on the *!?A..

~ ~~ytoand sands the P'. to H', 77,*.

efor ,, "'SC '70. -=S- I--: r'.ev th 1 ~eer 1 %-
ti !z-tsrire if-- the ro-I 1: rca~y fo,_
r e':c t n.
NOTE-' zi~iuruportabili_*ty critserin
nurt have been tezt_ d an -1 ct~

,r =an! .ir~nort r~u~ren, -4-171-
to, rtrain!nZ 2-'ztem:z v!_I-T e n t

iTorpleti before cchedu!lin; the
-, - rprn,-,ra or production .i.
releaz-e.
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Action Qffl4- rrc o %f t..-- m t
'JZAZrPE and zsordintl _ .4n'!C ~-~e outy A; t'- ~~rctor an!

M'Z'x't. 27Q... 3~.a. ?~Ca nrr,rrr~m

ifi , the - tty of t ob :

.1 e

a------

frthi;s vurroe)ze. PA
"-.r"' ~ "'-' ~ tMBAtr2-

- - ... * . . .. ,a.'.,

t.ntaticn.

ion for a:cquisitizr ffrc

th- taw; -P i

m~ a. n e ~ r4 4L a c n

6-a . -1

nae~4 ~ to aconlih-z
* ~ ~ ~ ~ ~ ~ ~~j 'r....,cz te&''ic
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AL " ecrt-, od Staus through- thc!

141



JI

APPENDIX D

LIST OF PRIMARY AIR FORCE
MODIFICATION PUBLICATIONS

0
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A 7-T 57-3 '.'Iass V ModifiCation YanagZement,
30 emer17)4-.

-F2 2-1 modif;-ation Program Data, -1, 26Api196

AFLOR 57-12 Class !V Mtodificaticr. Budgetin~g R3puira-ents, 0

A? 7.Z?. K7---! 'oifcation Prrngram Approval, April 1979.-

AFLca 66-211 Syzt: adpimetMdi';cat5;r- 'aintanance

Ptgram 72W) " ay 179.

A~s. w -

7,! 2.?2-1 ?udget- Operations, 3 July 1972.0

A?? 7~ 4 The Air Force lzudget, March 1078.

.%?? 800-7 TnteL--ated logistics Surn, rt Tmlesmentatin
julde for SystermZ: znd 3:7l'pert, (,u.n~er FeVISTOR./
rpwrite).

A??2 27-8 Systems and Eguipment Mod ernii zation/M'ainternance.

AFR 5r7-1 Statement of Operational. N1eed (20Y"), 12 June 1910.

7R 57 -!J Modification. Program Approval and Managenent,
21- June 1981.

XFRl 65-3 2onfigurqtion Managem~ent, '.1, 2. 'Septem'r.er 19?hL.

A?:%l- F.72lLJ.n'j cf \X' Prr.curement Prcgrans,
6 July 1979,.

.\?'. 800-' Acqigit!--n Prcgram Vnageenrt, !i 2, 14 ~

9 OCrx. 'rn-%azr~a Tlc 4itics 2'irnort for >--tcrrz a--!

A:-" 1901-. Mnar---erl of 'computer ?esour:.e:, zu 2. '-1,

31March 1977.'

AF22?P 800-3 1 G4uldIe for Pr-ogram Marnagemert, 9 April 1976.

.XSZ 00-2-1 A Guide for Program Managersi TmPlementing

integ a--ted Log-4-ztics Cupport, '=under rei~r,r.-;t4
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5~ 50 C'1 7,a~or Sjystem Acq~uisition, 19 J:arua:-y 19??.

:-D 15C0.2 'Yqaor ' YstenAm~.ii Prcceoz, 10 Jan~uary

-Dorn- 1,20.4 Full Fridin'g of 70D Prncurenent Prc,:rams,
OOctober 19"t,

0 f f'- of 'Yana fromen t and Budget (OMP) Zircula.- A-109,.
'~air 3stem Ac-_uisition, 5 April 1976.

C'-'! Circular A-109 Pamphlet. V T~oyzterm Ac-,Ution!.
A4,P1ication Of, Ob"' Circular A-10.9, 'C'tober 197E.

4-.-. I'~ I Ai A-oe Time oia-nce Tech-i-al fr,-'r
'7-stem (TCOO, 30 NTovemnber 1979
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COMPUTER PROGRAM LISTING
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4 444*4 AIRCRAFT MODIFICATION SYSTEM ""4

NOTE 4.44. CLASS IV A SAFETY DEFICIENCIES EQUATIONS '.444

L CL4A.K=CL4A.JDT4CL4A6R.JK-CL4ADR.JK)
N CL4A=CL4AC
C CL4AC=O
NOTE
NOTE
NOTE CL4A CLASS IV A SAFETY DEFICIENCIES
NOTE CL4A6R CL4A 6ROWTH RATE
NOTE CL4ADR CL4A RELEASE RATE
NOTE
NOTE
R CL4AGR.KL=ANSD.K4NSAF.K*STAF.KOAPAAF.K
A ANSD.K=ANSDI
C ANSDI:2.5
NOTE
NOTE
NOTE ANSD AVERA6E I OF SAFETY DEFICIENCIES PER PERIOD
NOTE WSAF WEAPON SYSTEM AGING FACTOR
NOTE STAF SORTIE TYPE AMPLIFICATION FACTOR
NOTE APAAF AIRCRAFT/PERSONNEL ACCIDENT AMPLIFICATION FACTOR
NOTE
NOTE
A WSAF.K=TABLE(NSAFTSLT.KO,20,2)
T WSAFT:10I3/I.31.0II.OIl.OIl.0I.OI1.3/3.OII0.0
A SLT.K=TINE.KI12.ISLT
C ISLTz4
NOTE
NOTE SLT SYSTEM LIFE TIME (YEARS SINCE PRODUCTION)
NOTE ISLT INITIAL SYSTEM LIFE TIME
NOTE
NOTE

A STAF.K=TABLE(STAFT,SORTYP.K,1,7,2)
T STAFT=1.O/1.O3/1./I.09
A SORTYP.K=PSORTII+PSORT3.3 PSORTS,5+PSORT7,7
C PSORTI:.40
C PSORT,=.50
C PSORTS=.10

C PSORT7zO
NOTE

: NOTE

NOTE SORTYP SORTIE TYPE
NOTE PSORTI PERCENT OF VFR FLYIN6 HOURS
NOTE PSORT3 PERCENT OF NORMAL TRAININ6 SORTIES

NOTE PSORT5 PERCENT OF REDFLAG SORTIES
NOTE PSORT7 PERCENT OF WAR ENPLYMENT SORTIE
NOTE
NOTE
A APAAF.K=TADLE(APAAFTNOA.K,0,5,1)
T APAAFTS1.O/1.OII.04/I.05/1.05/1.05
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A NOA.K:NOAC
C NOAC:O
NOTE
NOTE
NOTE APAAF AIRCRAFT/PERSONNEL ACCIDENT AMPLIFICATION FACTOR
NOTE NOA NUMBER OF ACCIDENTS
NOTE NOAC CONSTANT FOR NOA
NOTE
NOTE
R CL4ADR.KL=CL4A.K/.5
NOTE
NOTE
NOTE CL4ADR CLASS IV A DEFICIENCIES RELEASE RATE
NOTE
NOTE
NOTE
NOTE .4*.. CLASS IV B ENGINEERIN6 DEFICIENCIES EgUATIONS *4

NOTE
NOTE
L CL4B.K:CL4B.J+DT4(CL4B6R.JK-CL4BDR.JK)

4 N CL4B=CL4BC
C CL4BC:O
NOTE
NOTE
NOTE CL4B CLASS IV B EN6INEERIN6 DEFICIENCIES
NOTE CL4B6R CL48 6ROWTH RATE
NOTE CL40DR CL4B DEFICIENCIES RELEASE RATE 0

NOTE
NOTE
R CL4D6R.KL=(RELF.K+NAINF.K).STAF.K
A RELF.K=TABLE(RELFTRELDF.KO,1,.2)
T RELFT=201151121OI816
A- RELDF.K=REL.K/DREL.KISCM.K
A REL.K=(.B+.ISIN(6.2 3*TINE.K/12))*RELAF.K
A OREL.K=DRELC
C DRELC=1.0
NOTE
NOTE
NOTE RELF RELIABILITY FACTOR

NOTE MAINF MAINTAINABILITY FACTOR
NOTE STAF SORTIE TYPE AMPLIFICATION FACTOR
NOTE RELDF RELIABILITY DISCREPANCY
NOTE REL RELIABILITY LEVEL
NOTE DREL DESIRED RELIABILITY LEVEL
NOTE SCM SYSTM COMPLEXITY MODIFIER

NOTE DRELC DESIRED RELIABILITY CONSTANT
NOTE
NOTE
A SCM.K:TABLE(SCMTSC.K,1,IO1I)
T SCNT=I.OI1.OI1.OI1.O/.OI.991.98/.97/.96/.95
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A SC.K=TABLE(SCT,NSCL.K,1,1O,1)
T SCT=51515151515.617.5/8.919.9110.O

A RELAF.K:TABLE(RELAFT,SLT.KO,20,2)
T RELAFT=.O1.5/.7511.OII.Ol1.OI1.Ol1.OI.BI.61. 4

NOTE
NOTE
NOTE SC SYSTEM COMPLEXITY
NOTE WCSL WEAPON SYSTEM CAPABILITY LEVEL
NOTE SLT SYSTEM LIFE TIME
NOTE RELAF RELIABILITY AGING FACTOR
NOTE
NOTE
A MAINF.K:TABLE(MAINFTSCM.KESF.KIMSLF.KO, 1.2)
T MAINFT=20115/12/101816
A ESF.KzTABLE(ESFTESLD.KO,1,.2)
T ESFT=.701.851.9O0.93I.9971.99
A ESLD.K=ESL.K/DESL.K
A ESL.K=.9+.I*SIN(6.283*TIME.K/12)
A DESL.K=DESLC
C DESLC=1.O
A NSLF.K=NSLFC
C NSLFC=.95
NOTE
NOTE
NOTE MAINF MAINTAINABILITY FACTOR
NOTE SCM SYSTEM COlLEXITY MODIFIER
NOTE ESF EQUIPMENT SPPORT FACTOR

NOTE MSLF MAINTENANCE SKILL LEVEL"ACTOR
NOTE ESL EQUIPMENT SUPPORT LEVEL
NOTE DESL DESIRED EQUIPMENT SUPOORT LEVEL
NOTE ESLD EDUIPMENT SUPPORT DISCREPANCY
NOTE MSLFC MAINTENANCE SKILL LEVEL CONSTANT
NOTE
NOTE
R CL4BDR.KL=CL4B.K/.5
NOTE
NOTE
NOTE CL4BDR CL4D RELEASE RATE
NOTE
NOTE
NOTE
NOTE ff'*' CLASS IV C LOISTICS DEFICIENCIES EQUATIONS n'**
NOTE
NOTE
L CL4C.K=CL4C.J+DT*(CL4C6R.JK-CL4CDR.JK)
N CL4C=CL4CC
C CL4CC=O
NOTE
NOTE
NOTE CL4C CLASS IV C LOGISTICS DEFICIENCIES
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NOTE CL4C6R CL4C GROWTH RATE
NOTE CL4CDR CL4C RELEASE RATE
NOTE CL4CC INITIAL VALUE FOR CL4C
NOTE
NOTE
R CL4C6R. KL=LSRF. K
A LSRF.K=TABLE(LSRFT,SLF.K#SCM.K,0, 1, .2)
T LSRFT=4.OI3.3I3.OI2.5/2.0/1.5
A SLF.K=TABLE(SLFT,SLT.K,0,20,2)
T SLFT:.01I.40/.6OI1.0I1.0I1.0I1.0I1.0I1.OI.751.5
NOTE
NOTE
NOTE LSRF LOSIST1CS SUPPORT REQUIREMENTS FACTOR
NOTE SLF SYSTEM LIFE FACTORr
NOTE SIT SYSTEM LIFE TIME

TE SCM SYSTEM COMPLEXITY MODIFIER

COR. KL=CL4C.K/.S

R CL4C RELEASE RATE

NOTE
NOTE 'it.' CLS CARBILITY DEFICIENCIES EQUATIONS ""4*

NOTE
NOTE
L CL5.K=CL5.J+DT' (CL5GR.JK-CL5DR.JK)
N CL5-CLSC
C CL5C=0
NOTE
NOTE
NOTE CL5 CLASS Y CAPABILITY DEFICIENCIES
NOTE CL56R CL5 GROWTH RATE
NOTE CL5DR CL5 RELEASE RATE
NOTE CL5C INITIAL VALUE FOR CLS
NOTE

4NOTE 0
R CL56R.KLz(CL5RQ.K+TECHAV.KIADFAC.K) /DT
A CLSRQ.K4TABLE(CL5.RQT,WSCD.K,0, 10,2)
T CL5RGT=0I1.OI1.5I2.0I2.5I3.O
A WSC-D.K=MAX (DWSC.K-WSCL.K,0)
L WSCL. KzWSCL. J+DT' (WSC6R.JK-WSODR.JK)
N NSCL=WSCLC
Z NSCLC=S
NOTE
NOTE
NOTE CL5RQ CLASS V REQUIREMENTS
NOTE WSCD WEAPON SYSTEM CAPABILITY DISCREPANCY
NOTE DWSC DESIRED WEAPON SYSTEM CAPABILITY p
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NOE WC EPNSSTMCPBLT EE

NOTE NSCLR WEAPON SYSTEM CAPABILITY LEVEHL AT
NOTE WSCDR WEAPON SYSTEM CAPABILITY GERATH RATE

( ~~~~~~~~NOTE WCR WAO YTMCPBLT ERAERT
NOTE

A DWSC.K:EWSCL.K*CAF. K#TAF.K
A EWSCL.K=IEWSCL+RAMP(.02, 48)
C IEWSCL~b
A CAF.Kz1.3O
A TAF. K=MlhN I, TECHAY.K/ADFAC.K)
A ADFAC.K:50.O
NOTE
NOTE
NOTE EWSCL ENEMY WEAPON SYSTEM CAPABILITY LEVEL

qNOTE CAF CAPABILITY ADVANTAGE FACTOR
NOTE TAF TECHNOLOGY AVAILIABLITY FACTOR
NOTE TECHAV TECHNOLOGY AVAILABLE
NOTE ADFAC ADJUSTMENT FACTOR
NOTE
NOTE
R WSCSR.KL:MDDCJ.K (2)IFMD.JC/12.O'CL5MF.K
A CL5MF.KzCL5MFC
C CL5NFC=.30
R NSCDR.KL:-TECFAC. K#WSCL.K
A TECFAC.K-TF
C TF=.OI
R CL50R. KL:L5. K(* 5
NOTE
NOTE
NOTE WSCSR WEAPON SYSTEM CAPABILITY GROWTH RATE
NOTE MODCOM MODIFICATION COMPLETED
NOTE CL5MF FRACTION OF PRODUCTION THAT ARE CL5
NOTE TECFAC TECHNOLOGY FACTOR
NOTE CLSDR CL5 MODIFICATION RATE
NOTE
NOTE
NOTE i#i TECHNOLOGY 'i

NOTE
NOTE
L TECHAV.K:TECHAV.J+DTO (TSR.JK-TDR.JK)
N TECHAV:TECHC
C TECHC=1OO
R TGR. KLzTECHAV.K*STDF.K

*A STDF.KzSMOOTHITDF.K,TDFD)
C TDFD=6.O
NOTE
NOTE
NOTE TECHAV TECHNOLOGY AVAILABLE
NOTE TOR TECHHOLO6Y GROWTH RATE

*NOTE TDR TECHNOLOGY DECAY RATE
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NOTE TDF TECHNOLOGY DISCOVERY FRACTION
NOTE STDF SMOOTHED TECHNOLO6Y DISCOVERY FRACTION
NOTE TDFD TECHNOLOGY DISCOVERY DELAY
NOTE
NOTE
A TOF.K=TABHL(TDFTSFT.K,0,1,.2)/12.0
T TDFT=.01/.03/.07/.1/.121.13
A SFT.K=TABHL(SFTTTSP.K,0,2.0,.4)
T SFTT=.II.5.1321.521.8I1.0
A TSP.K=TP.K+DPT.K
A TP.K:TABHL(TPT,TECHAY.K,O,100,20)
T TPT=1/1I.81.51.271.!

A DPT.K=TABHL(DPTT,DPTD.K,-5.0,5.0,2.0)
T DPTTz.lI.15!.21.51.71.9

A DPTD.KzSCD.KAMPF.K
A ANPF.K=AMPFC
C ANPFC:1.10
NOTE
NOTE
NOTE SFT SEARCH FOR TECHNOLOGY
NOTE TSP TOTAL SEARCH PRESSURE
NOTE TP TECHNOLOGY PRESSURE
NOTE OPT DOD PRESSURE FOR TECHNOLOGY
NOTE DPTD DOD PERCEIVED TECHNOLOGY DIFFERENCE
NOTE WSCD WEAPON SYSTEM DISCREPANCY
NOTE ANPF AMPLIFICATION FACTOR
NOTE
NOTE
NOTE
R TDR.KL=TECHA.K#TLF.K
A TLF.K=TLFC
C TLFC=.0167
NOTE
NOTE
NOTE TDR TECHNOL06Y DEACY RATE
NOTE TLF TECHNOLOGY LOSS FRACTION
NOTE TLFC TECHNOLOGY LOSS FRACTION CONSTANT
NOTE
NOTE
NOTE
NOTE '"a. REgUIRENENTS SECTOR #####
NOTE
NOTE
L NNRIR.K=NNRIR.JDT#(MIR.JK-MAR.JK-NDAR.JK)

N NNRIR=NMRIRC
C NMRIRC:I0.0
R MIR.KL:(CL4A.KCL4B.KCL4C.K)/DT
R MAR.KLzNNRIR.KNAF.K/REVT
C REVTx12.0
A MAF.K:MAFC

U
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C MAFC:.S0
NOTE
NOTE
NOTE NMRIR NEW MODIFICATION REQUEST IN REVIEW
NOTE MAR NEW MODIFICATION APPROVAL RATE
NOTE MIR MEN MODIFICATION REQUEST INPUT RATE
NOTE ROAR NEW MODIFICATION REQUEST DISAPPROVAL RATE
NOTE REVT MODIFICATION REVIEW TIME
NOTE MAF MODIFICATION APPROVAL FRACTION
NOTE
NOTE
R MOAR. KL=NMRIR. Kf (I-MF. K)/REYT
NOTE
NOTE
L NIA.K=NMA.J+DT' (MAR.JK-MRR.JK)
N NHA:-NII
C NMAC:0
R MRR.KL=NMA.K/DT
NOTE MNA NEW MODIFICATION REQUEST APPROVED
NOTE MAR NEN MODIFICATION APRROVAL RATE
NOTE MRR MODIFICATION REQUIREMENT RATE
NOTE
NOTE
L CL5IR.K:CL5IRJ+DT*(CL5R.K-CI.SAR.JK)
N CL5IR.K=CL5IRC
C CLSIRC=O
NOTE
NOTE
NOTE CL5IR CLASS V MODIFICATION REQUESTS IN REVIEW
NOTE CLSR CLASS V MODIFICATION REQUESTS INPUT RATE
NOTE CL5AR CLASS V MODIFICATION REQUESTS APPROVAL RATE
NOTE
NOTE
R CLSR.KL--LS.K/DT
R CL5AR.KLmCL5IR.K/REVT5
A REVT5.K=REVTXC
C REVTSC=36.0
NOTE

NOTE
NOTE CLSR CLASS V MODIFICATION REQUESTS INPUT RATE
NOTE CL5 CLASS V CAPABILITY DEFICIENCIES
NOTE CLSAR CLASS V MODIFICATION REQUESTS APPROVAL RATE
NOTE REVT CLASS V MODIFICATION REQUESTS REVIEW TIME

*NOTE

NOTE
L CLSA.K=CLSA.+JDTe(CL5AR.JK-CL5RR.JK)
N CL!AzCLSAC
C CL5ACzO
NOTE

lp NOTE
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IOTE CLSA CLASS Y MODIFICATION REQUETS APPROVED
NOTE CLSAR CLASS V MODIFICATION REQUESTS APPROVAL RATE

NOTE CL5RR CLASS V MODIFICATION REQUIREMENTS RATE
NOTE
NOTE
R CL5RR.KL:CL5A.KIDT
NOTE
NOTE
NOTE
FOR YR=1,3
L TMR.K(I)=TMR.J(I)+DTI(CL5RR.JK+MRR.JK+OMRR.JK+MRSR.JK)
N TMR(YR)zTNRI(YR)
T THRI()=OI443/400
R OHRR.KL=O6.K1I2.0
R MRSR.KL=PULSE(THR.K(2)/31(I-RRF.K)IDT,0,12)
A NRRF.K=NHFAPR.KINHFRIB.K
A DUNSHI.K:SHIFTL(TR.K, INTERY)
C INTERV12
NOTE
NOTE
NOTE TMR TOTAL MODIFICATION REQUIREMENTS
NOTE MRR MEN MODIFICATION REQUIRMENT RATE
NOTE OMRR ON6ING MODIFICATION REQUIREMENT RATE
NOTE NRSR MODIFICATION RESUBNISSION RATE
NOTE FMR FUNDED MODIFICATION RATE
NOTE MRRF MODIFICATION REQUIREMENT REDUCTION RATE
NOTE MHFAPR MODIFICATION HARDWARE FUNDING APPROPRIATED (OP-IIO0)
NOTE MHFRIB MODIFICATION HARDWARE FUNDING REQUESTED IN BUD6ET
NOTE 06 ONGING MODIFICATION REQUIRES FUNDING
NOTE DUMSHI DUlY SHIFT FUNCTION
NOTE
NOTE
NOTE THE DUNSHI FUNCTION IS USE TO KEEP TRACK OF YEARLY MODIFICATIO
NOTE REQUIREMENTS, BUDGET REQUESTS, ONGOING MODIFICATIONS THAT
NOTE REQUIRE FUNDING.
NOTE
NOTE THE INDEX YEAR (YR) IS USED TO INDICATE THE DIFFERENT FISCAL
NOTE YEARS. (1) IS THE CURRENT YEAR. (2) IS THE BUDGET YEAR.
NOTE (3) IS THE APPROPRATION YEAR.
NOTE
NOTE
L EMOD.K:FMOD.J+DTO(FNR.JK-PULSE(FMOD.J/DT,12.0,YEARLY))
N FMOD=FNODC
C FMODC:65
R FNR.KLzPULSE(TMR.K(3)INRRF.K/DT,12,YEARLY)
NOTE
NOTE
NOTE FMOD FUNDED MODIFICATIONS
NOTE FMR FUNDED MODIFICATION RATE
NOTE THR TOTAL MODIFICATION REQUIREMENTS
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NOTE HRRF MODIFICATION REQUIREMENT REDUCTION FACTOR
NOTE
NOTE
L NNFUN.K--NMFLN.J+DTE (NFR.JK-NMFRR.JK)
N NFUN=NNFUNC
C NMFUNCzIO.O
R NMFR.KL:PULSEUIAX(OFMOD.K-YO6M.K(3))/DT.1,YEARLY)
R NMFRR.KL=NDEV.K/12
NOTE
NOTE
NOTE NFUN NEW MODIFICATIONS FUNDED
NOTE NMFR MEN MODIFICATIONS FUNDING RATE
NOTE NMFRR NEN FUNDED MODIFICATIONS REDUCTION RATE
NOTE RDEV MODIFICATION ENGINEERING DEVELOPMENT COMPLETED
NOTE YON YEARLY ONOINS MODIFICATIONS
NOTE FMOD FUNDED MODIFICATIONS
NOTE
NOTE
L MDEV.K=MDEY.J+DT,(MDRR.JK-PULSE(MDEY.JDT,12.0,YEARLY))
N NDEV="DEVC
C MOEVC=O
R NDRR.KLuDELAYP(IDIR.JKDEVT.KNIMID.K)
R MDIR.KL2NIFUN.K/LO
A DEVT. K=NORHRN(MDEYT, STD)
C MDEVT=18.O
C STD:3.O
NOTE
NOTE
NOTE MDEV MODIFICATION ENGINEERING DEVELOPMENT COMPLETED
NOTE NDRR MODIFICATION DEVELOPMENT COMPLETION RATE
MOTE HDIR MODIFICATION DEVELOPMENT INITIATION RATE
NOTE DEVT MODIFICATION DEVELOPMENT TIME
NOTE IMID MODIFICATION UNDER ENGINEERING DEVELOPMENT
NOTE NDEVT MEAN DEVELOPMENT TIME
NOTE STD STANDARD DEVIATION OF NDEVT
NOTE
NOTE

L O6FD. KzOGffD J+DTe IOWR. JK-OHFRR. JK)
N 061NFD=OMFDI
C 056FDlz790
R OKFR.KL:PULSE(CO6M.K/DT,.75,12)
R OHFRR.KL'MODCOM.K(I)
NOTE

a NOTE
NOTE 06FD ONOING MODIFICATION FUNDED
NOTE OMFR ONGOING MODIFICATION DUNDED RATE
NOTE OMFRR ONGOING MODIFICATION FUNDED REDUCTION RATE
NOTE COON CURRENT YEAR ONG6ING MODIFICATIONS
NOTE MODCOM MODIFICATION COMPLETED
NOTE
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NOTE
L COSM.I(zCO6N.J+DT.(COffFR.JK-PULSE(CBBM.J/DloO,YEARLY))
N COGM:COSMC
C COGMC-_O
R CONFR.KL:PULSE(YOGM.K(3)/DT,.5,YEARLY)
NOTE
NOTE
NOTE COGN CURRENT YEAR ONGOING MODIFICATION
NOTE CONFR COGN FUNDED RATE
NOTE YD6N YEARLY ONGOING MODIFICATIONS
NO7E
NOTE
L 0GM. KxOGN.J+DT. (ONIR.JK-ONRR.JK)
N Ofinc8m1
C 051(1:0
R OMIRL-PULSE(YOGM.K(2) /DT,OYEARLY)
NOTE
NOTE
L YOGM.K(l):YOGN.J(I)+DT.(YONIRJK)
N YOGNIYR)=YDGNI CYR)

* T YOGMII#()=0/60/50
R YONIR.KL:PJLSE( (COGN.KI.70.MDEV.IOIDT,IJ,YEARLY)
A DUMSH2 ':SHIFTL(YOGN.K,INTERV)
NOTE
NOTE
NOTE 0GM ONGOING MODIFICATIONS REQUIRE FUNDING
NO7E YOGM YEARLY ONGOING MODIFICATIONS INFO
NOTE OMIR ONGOING MODIFICATIONS INPUT RATE
NOTE YONIR YEARLY ONGOING MODIFICATIONS RATE
NOTE MNR NON MODIFICATION REDUCTION RATE
NOTE D6MFD ONGOIN6 MODIFICATION FUNDED
NOTE PIDEY MODIFICATION EN6INEERING DEVELOPMENT COMPLETED

-NOTE DURSH2 DUMIlY SHIFT FUNCTION
NOTE
NOTE
NOTE ##"# FINANCIAL. SECTOR (BUDGETING) n
NOTE
NOTE

* A MHFREg.K:AVN.KTMR.K(3)
A AVMC.KzAVMCCi(1.Ob(TIME.C/I2.O))
C AVNCC--7.ODEb
NOTE
NOTE
NOTE RHFREQ MODIFICATION HARDNARE FUNDING REQUIREMENTS

*NOTE AYMC AVERAGE MODIFICATION COST
NOTE TMR TOTAL MODIFICATION REQUIREMENTS
NOTE AVMCC AVERAGE MODIFICATION COST FOR FY83 I FY84
NOTE
NOTE
L MHFRIL.KxMFRIB.J+DT(MHFDR.JK-PULSE(MHFRID.J/DT,12.0,YEARLY))
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N MHFRIBzMHFB
C NHFB:o3.IE9
R fWR.KL=PULSE(MHFREO.K/DT, 12, YEARLY)
C YEARLY=12.0
NOTE
NOTE
NOTE NHFRIB MODIFICATION HARDWARE FUNDING REQUESTED IN BUDGET
NOTE NHFDR ODIFICATION HARDWARE FUNDING DEMAND RATE
NOTE AVNC AVERAGE MODIFICATION COST
NOTE TMR TOTAL MODIFICATION REQUIREMENT
NOTE MHFREQ MODIFICATION HARDWARE FUNDING REOUIRMENT
NOTE
NOTE
NOTE ff O&H BUDGET *
NOTE
NOTE
A ALCPi. K-YO6N.K(3) #AV1H.K
A AVYMH.KAVNHC
C AVMHC=bOE3
L MIFRIB.K=NIFR1B.JDT*(IFDR.JK-PULSE(BIFRIB.J/DT,12.O,YEARLY))
N MIFRIB=MIFB
T MIFBI*) :6.37E7/5.925E715.0E7
A CPNH.K=CPNHC
C CPMHCzI5.0
R NIFDR.KL=PULSE(ALCPN.KCPH.K/DT, 12,YEARLY)
NOTE
NOTE
NOTE ALCPN AIR LOGISTIC CENTERS PLANNED NORKLOAD
NOTE AVMH AVERAGE HANHOURS PER MODIFICATION
NOTE CPMH AVERAGE COST PER WANHOUR
NOTE MIFRIB MODIFICATION INSTALLATION FUNDING REQUEST IN BUDGET
NOTE IFDR MODIFICATION INSTALLATION FUNDING DEMAND RATE
NOTE
NOTE
L DODRID. K:OODRIB.JDT.(DODDR.JK-DODRR.JK)
N DODRIB=MHFB*MIFB
R DOODR.KL:PULSE((MFRIB.K+IFRIB.K)IDTi2.2,YEARLY)
R DOORR.KL=PULSEIDODRIB.KIDT, 12.25,12)
NOTE
NOTE
NOTE DOORIB DOD FUNDING REQUESTED IN BUDGET
NOTE DODR DOD FUNDING DEMAND RATE
NOTE DODRR DOD FUNDING DEMAND REDUCTION RATE
NOTE
NOTE
NOTE ' FINANCIAL SECTOR (APPROPRIATION) i*.
NOTE
NOTE
L 6NP.K=GNP.J+DT,(6NP6R.JK)
N GNPv6NPI
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C 6NPI!=2858.6E9
R 6NP6R.KL=AYPI.K/12*GNP.K
A AVPI,KzAVPIC

C AYPIC=.109147
NOTE
NOTE
NOTE GNP GROSS NATIONAL PRODUCT
NOTE 6NPOR GNP GROWTH RATE
NOTE AVPl AVERAGE ANNUAL PERCENTAGE INCREASE OF 6NP
NOTE
NOTE
L DODAPR.KzDODAPR.J+DT* (DODAR.JK-PULSE(OODAPR.J/DT,4. OYEARLY))
N D6DAPR=O
R DODAR.KL=PULSE( (NIN(6NP.K'P6NPD.K'PDODN.KDODRID.K)/DT)
I ,OCT,YEARLY)
C OCT=4.O
A P6NPD.KzTALE(P6NPDTG6YP6L.K,.5,1.5,.2)
T P6NPDT=.051.655I.61.671.O8/.09
A PDODR.K=PDODNC

C PDODNC=.O13
*4 NOTE

NOTE
NOTE DODAPR DOD FUNDING APPROPRIATED
NOTE DOAR D0 FUNDING APPROPRIATEION RATE
NOTE NIFAR NODIFICATION INSTALLATION FUNDING APPROPRIATION RATE
NOTE NNFAR NODIFICATION HARDNARE FUNDING APPROPRIATION RATE
NOTE PONPO PERCENT OF M TO OD
NOTE PDODN PERCENT OF DOD FUNDING TO ODIFICATION
NOTE 60VPOL GOVERNMENTAL AND POLITICAL FACTOR

NOTE D6ORI DOD FUNDING REQUESTED IN DUDGET
NOTE
NOTE
.A 66VPOL.K:(PRESF.K+CONSF.K)LPF. K
A PRESF.K=PRESFC
C PRESFC=.5
A CONSF.K*CONSFC
C CONSFCz.5
A LPF.KsTALE(LODDY,PTHRT.K,O,1.0,.2)
T LODDYzl1/1I.1I1.2/1.3/1.4
A PTHRT.Kz.5+.5.SIN(6.213TINE.KI49)
NOTE
NOTE
NOTE PRESF PRESIDENTIAL SUPPORT FACTOR
NOTE CONSF CONGRESSIONAL SUPPORT FACTOR
NOTE LPF LOBBYING PRESSURE FACTOR
NOTE PTHRT PERCEIVED THREAT OF ENEMY
NOTE
NOTE
L NIFAPR.KfINFAPR.J+DT(NHFAR.JK-PULSE(NhHFAPR.JDT,4.O,YEARLY))
N HMFAPRsHFC

157

-S : " - - - " m ,m -,..---- : ., l , , ..,..,L l, _ ,, m...m_ . .:_. .



C NffCxI.7E9
R MNFAR.KL:PULSE (DODAPR.K'PDHF.KIDT,4. 25. YEARLY)
A PDOF.K=POHFC
C PDHFC=.75
NOTE
NOTE
L. MHFA.K=MHFA.J+DTI NHFTR.JK-MHFOR.JK)
N MHFA=MHFAC
C MHFAC=4.25EB r
R MHFTR.KL:PULSE (MHFAPR. K/DT, 4.5, YEARLY)
R NFOR.KL=KITX.KICPKIT.K/DT
X *#LIP(I,0,MHFA.K,KITX.K'CPKlT.KIDT)
A CPKIT. K=NHFAPR.K/FNOD.K
NOTE
NOTE
NOTE MHFAPR MODIFICATION HARDWARE FUNDING APPROPRIATED
NOTE MNFAR MODIFICATION HARDWARE FUNDING APPROPRIATION RATE
NOTE MHFOR MODIFICATION HARDWARE FUNDING OBLIGATION RATE
NOTE PDHF PERCENT OF DOD TO MODIFICATIN HARDWARE FUNDING
NOTE KITX KITS IN TRANSIT TO DEPOT

*NOTE MAFA MODIFICATION HARDWARE FUNDING AVAILABLE
NOTE MHFTR MW TRANSFER RATE
NOTE CPKIT COST PER KIT
NOTE FROD FUNDED MODIFICATIONS
NOTE
NOTE
L NHFOB.K:MHFOLJ+DTI (MFOR.JK-MHFPR.JKI
N MHFOB:MflOBC
C NHFOBC=O
R NHFPR.KLxDELAY3(MNWOR.JK,KST.K)4CLIP(1,0,MFOB.K,0)
NOTE
NOTE
NOTE MHFO1 MODIFICATION HARDWARE FUNDING OBLIGATED
NOTE MHFOR MODIFICATION HARDWARE OBLIGATION RATE
NOTE NHFPR MODIFICATION HARDWARE PAYMENT RATE
NOTE KST KITS SHIPMENT TIME DELAY
NOTE
NOTE

O L MIFAPR.K=NIFAPR.J.DTe (MIFAR.JK-MIFXR.JK)
N MIFAPRzMIFA
C MIFA:0
R MIFAR.KLzPULSE(DODAPR.K4(t-PDHF.K)/DT,4.25,YEARLY)
R NIFXR. KLxNIFAPR.K/ 12.0
NOTE
NOTE
NOTE MIFAPR MODIFICATION INSTALLATION FUNDING APPROPRIATED
NOTE MIFAR MODIFICATION INSTALLATION FUNDING APPROPRIATION RATE
NOTE MIFXR MODIFICATION INSTALLATION FUNDING EXPENDITURE RATE
NOTE PDHW PERCENT OF DOD FUNDING TO HARDWARE FUNDING
NOTE
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NOTE
NOTE
NOTE "*4PRODUCTION SECTOR '"
NOTE
NOTE
L KITOH.K:KITOH.J4DT4(KITRR.JK-KITUR.JK)
N KITOH=KITOHC
C KITOHC=790.O
R KITRR.KL:DELAYP (KITOR.JK,KST.KKITI.K)

LeA IST.KzKITC
C KITC=3.0
R KITOR.KL:(COGL.KL2.O)4O.IP(1,O,MHFA.K,C06M.K/12.O
x *CPKIT.K)
R KITUR.KL=MODIN.K/DT
NOTE
NOTE
NOTE KITOH LEVEL OF MODIFICATION KITS ON HAND
NOTE KITRR KITS RECEIVING RATE
NOTE KITUR KITS USE RATE
NOTE KST KITS SHIPMENT TIME

UNOTE KITX KITS IN TRANSIT
NOTE RODIW MODIFICATION IN WORK
NOTE COBH CURRENT YEAR ONGOING MODIFICATIONS
NOTE MHFA MODIFICATION HARDWARE FUNDING AVAILABLE
NOTE CPKIT COST PER KIT
NOTE
NOTE
L MOCOM.K(1):MOCDCOM.J(1)+DT4(MPCR.JK)
N MODCOM(YR)zMODC(YR)
T MODC(*):0150/O
A DUMSH7.K:SHIFTL(MODCOM.K, INTERV)
R MPCR.KL:DELAYP(MPIR.JK1PRODT.K,MODIW.K)
A PRODT. KzNAC.K/LOPS.K#ADJF.K
Of NAC.K=8600.O
A ADJF.K=286b.O
NOTE
NOTE MODCOM MODIFICATION COMPLETED
NOTE MPCR MODIFICATION PRODUCTION RATE

*NOTE MPIR MODIFICATION PRODUCTION INITIATION RATE
NOTE PRODT PRODUCTION DELAY TIME
NOTE NAC TOTAL NUMBER OF AIRCRAFT
NOTE ADJF ADJUSTMENT FACTOR
NOTE -EOPS LEVEL OF PRODUCTION SPACE
NOTE MODIW MODIFICATION IN WORK

* NOTE
NOTE
R MPIR.KL=NIN(O6MFD.K,KITOH.K)/12.OICAPF.KfrjP(1,O,MIFAPR.K,O)
A CAPF.KzMIN(PERCAP.K,FACCAP.K)
A PERCAP. KzLOPW.K#PRDVY. K
A PRDVY.KPRDVYC 

0
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C PRDVYC:I.O
A FACCAP. KLOPS. K
NOTE
NOTE
NOTE MPIR MODIFICATION PRODUCTION INITIATION RATE
NOTE COBH CURRENT YEAR ONWING MODIFICATIONS
NOTE KITOH KITS ON HAND
NOTE CAPF PRODUCTION CAPACITY FACTOR
NOTE MIFAPR MODIFICATION INSTALLATION FUNDING APPROPRIATED

4NOTE PERCAP PERSONNEL CAPABILITY
NOTE PRDVY PRODUCTIVITY OF WORKERS
NOTE FACCAP FACILITY CAPABILITY
NOTE LOPW LEVEL OF WORKERS
NOTE LOPS LEVEL OF PRODUCTION SPACE
NOTE
NOTE
L LOIPW.K=LOPW.J*DT. (TCR.JK-ATTR.JK)
N LOP W:LOP C
C LQP#CzI.O
R TCR.KL=DELAY3(HIR.JK,3.O)
R ATTR.KLzLOPW. K*FATR.K
NOTE
NOTE LOPW LEVEL OF PRODUCTION NORKES
NOTE TCR TRAINING COMPLETION RATE
NOTE ATTR ATTRITION RATE
NOTE HIR HIRING RATE
NOTE
NOTE
L LOWIT.KxLONIT.J+DT,(HIR.JK-TCR.JK)
N LOWIT:LOWITC
C LOWITC:O
R HIR.KL=(DLOPN.K-LOPW.K)/3
A DLCPW.KxDLOPNC
C DLOPVC-1.O
NOTE
NOTE
NOTE LOPW LEVEL OF PRODUCTION WORKERS
NOTE TCR TRAININ6 COMPLETION RATE
NOTE HIR HIRING RATE
NOTE LOWIT LEVEL OF WORKER IN TRAINING
NOTE DLOPW DESIRED LEVEL OF PRODUCTION WORKERS
NOTE
NOTE
L LOPS.KaLOPS.J+DT.4PSCCR.JK)
N LOPS2LOPSC
C LOPSCzI.O
R PSCCR.KisDELAYP(PSCIR.JK,CONCT.K,SUC.K)
R PSCIR.KL:MAX IDLOPS.K-LOPS.K,O)
A DLOPS.KzDLOPSC

C DLOPSC:1.O
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A CONDT.K=48.O
NOTE
NOTE
NOTE LOPS LEVEL OF PRODUCTION SPACE
NOTE PSCCR PRODUCTION SPACE CONSTRUCTION COMPLETION RATE
NOTE PSCIR PRODUCTION SPACE CONSTRUCTION INITIATION RATE
NOTE CONDT CONSTRUCTION DELAY TIME
NOTE SUC SPACE UNDER CONSTRUCTION
NOTE
NOTE
PRINT TMRIYR) ,MRR,ONRR,NRSR
PRINT FROD,NNFUN,C0SN, O6?FD, YOSN(YR)
PRINT FNR,NNFR,OGN, ONIR,OMRR,OMFR,ONFRR
PRINT DODRIB,MHFRIB,NIFRIB,MRRF
PRINT DODAPR, MHFAPR.NIFAPR,MHFA
PRINT NODCON(I) ,#SCL,NSCD,WSC6R
PLOT TNR( 1)=TINODCOM(1)=NI WSCL:C, WSCD:D/MHFAPR=1.MIFAPRz2 l'.4
PLOT HHFA:3I6OVPOLz5,PTHRT4PIKITOH:-K/NDEY:D
PLOT YOSN(11:-YIOSNFD=OITECNAY=,
PLOT NSCL:C, SC=S, CLSRQ5
SPEC DTh. 25/LENBTHN=50/PLTPER=1 /PRTPER=I
*EOR
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